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The National Center for Atmospheric Research (NCAR) is dedicated
to the advancement of the atmospheric sciences for the benefit of

.. iankind. It Is operated by the University Corporation for Atospheric
3E R 'esearch (UCAR), a private, university-controlled, non-profit orgauiza-

tion, and is sponsored and principally funded by the National Sciefnce
_oundation.

- NCAR shares with other atmospheric research groups four inter-
_elated, long-range objectives that provide justification for major
expenditures of public and private funds:

--- To ascertain the feasibility of controlling weather and climate,
-_+_Pto develop the techniques for control, and to bring about the

- beneficial application of this knowledge;

* To bring about improved description and prediction of astro-
physical influences on the atmosphere and the space environment

__.._______ of our planet;

--- .. aTo bring about improved description and prediction of atmospheric
processes and the forecasting of weather and climate;

* To improve our understanding of the sources of air contarmination
and to bring about the application of better practices of air

~------ conserva-tion.

The research and facilities operations of NCAR are conducted in
four organizational entities:

The Laboratory of Atmospheric Sciences

The High Altitude Observatory

The Facilities Laboratory

h- - Te Advanced Study Program

All visiting scientist programs and joint-use facilities of NCAR -A
are available to scientists from UCAR--member and non-member institutions
(including private and government laboratories in the United States and

abroad) on an equal basis. The member universities of UCAR are: -, =

University of Alaska Florida State University University of Okl.ha

University of Arizona University of Hewett P-nnsylvania start., tr._vrslty

Inlveia..y of Cailiornia The kohna Hopkins University SaLnt Loots Univ.rsity

University of ,hicAso Univervity of Maryland Texa, A & M '.ivrs-tv

.-clorado State University 74assachusetLe Institute of Technology Lni.vrsity .1 1 ..s

,:" iversity of Colorado University of lichigan '- Unl rirLy of Vtah . . -

-.- Mr.O all University -Zjniv, -ity of Pinnetot- "" niversit) of W -|Iingto,

Uiversity of Denver Nov York VniverilLy University vt 6icvvon n
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Aerial view of Paimyra Island and associated reefs, looking westward

from an altitude of 10,000 ft. (Photo by Bob Kendall) I
___ ___ ________ ______ -~ ~ I
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FOREWORD

The Line Islands Experiment was designed to provide comprehensive

meteorological data in the oceanic part of the Equatorial Trough Zone

for :i variety of bidir studies, to nrovide data with which to evaluate

cloud photography performed by the ATS-I synchronous satellite, and to

serve as a pilot program for future experiments in tropical meteorology.

..-. For the Experiment to achieve its objectives, interested scientists

must have ready access to the data. This catalogue attempts to list

* ... -L---.comprehensively the kinds of data collected, dates and frequencies of

observations, dates and times of satellite pictures, and any obvious

limitations of the data. The format of the data is given, as well as

---- the source of copies, which may be obtained on request. If not otherwise

stated, the source of information or data is either of the co-editors.

Obviously, this catalogue will not perform its function until it

----is distributed. To reduce the preparation time as much as possible, most . .

of the actual data are not included. The exception is surface data tab-

Mlations, which have been included because they are relatively compact

and will enable the user to arrive at a rapid characterization of the

meteorological situation on a given day at a given location and hence

.- -- to determine which data to request.

It is important to note that this is the first, but not the last, Ii
data summarization of the Line Islands program. A series of data re-

ports is planned which will include, tentatively, satellite data, rawin-

sonde data, aircraft data and sea temperature data -- probably in summary

rather than complete form.

Finally, in the interest of rapid publication, which is a require- I
ment for this catalogue, third only to accuracy and comprehensiveness,

-little attempt has been made to treat each form of data in exactly the 1
same way. The reader is urged to seek additional information ftom the

appropriate source If some point of interest has been covered inadequately.

I
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I. INTRODUCTION

SCIENTIFIC OBJECTIVES OF THE PROGRAM

The goals of the Line Islands Experiment can be placed into three

broad categories:

* To provide a data sample for basic observational studies of

meteorological phenomena in the oceanic portion of the Equatorial Trough

--Zone. To be sure, the Trough Zone has not gone unobserved in the past;

some oceanographic data exist, some surface and upper-air data exist,

and some satellite observations exist. However, all these data have the

crucial deficiency that they are uncorrelated, and/or that much of the

--atmospheric data comes from the vicinity of large islands or continents ..

- -:introducing complicating effects that, in tha primitive state of our

.. iknowledge, are difficult to account for. The Line Islands program has

provided the first comprehensive data sample in the oceanic Equatorial

Trough Zone -- far from continents or significantly large islands -.

that combines adequate satellite and meteorological data for a variety

of basic studies.

* To provide a meteorological data sample with which to evaluate

comprehensively cloud photography performed by the ATS-l synchronous

satellite.

To serve as a pilot program for more extensive tropical meteoro-

logical experiments,(i.e., TROMEX) in the future.

LIMITATIONS OF THL PROGRAM

The planning phase of the program began in earnest less than six .....

months prior to the deployment of equipment and personnel in the field.

The stimulus for this haste was the imminence of Lhe ATS-l launch 4.

(6 December 1966) and the desire to obtain comprehensive data within the

useful lifetime of the cameras, which, of course, was not known at that

time. Initial inquiries showed that vital obaervational and logistics
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support would be available during early 190 but might riot have been

available later. The February-April period was also the most logical

scientifically, since the mean position of the Trough Zone then lies

within the Line Islands, rather than north of the northernmost island,

Palmyra, as it does during the second half of the year.

The choice of this observing period having solidified as February-

April 196/, it was impossible to consider any instrumentation in the

developmental or experimental stage; the Line Islands Experiment was.

oarried out with existing, cff-the-shelf items, but with care taken to

extract the rnaxinnr benefit from avai'able technology. In the evalua-

....__ tion of the data, another important goal of the program therefore
emerges -- the evaluation of the adequacy of the available technology

-In tropical metearological experiments. For example, the measurement

of temperature in a standard instrument shelter is widely suspected to

---be inadequate for many purposes in the tropics. The siting of the shel-

ter, however, was selected with great care, so that the effects of tech-

.nique should be separable from the effects of site. In another example, ...

the GMD-lB rawinsondes were carefully sited, evaluated with attention to

detail, and operated at ten data points per minute in the boundary layer

--instead of the usual one per minute, in order Lo extract the maximum

possible benefit from the system. The same general comments apply to

all observing systems that were employed.

.... Finally, the program was limited in scope. The meteorological - --

program was based on Palmyra, Fanning and Christmas Islands, and most

of the ship- and aircraft-based observations were carried out within a

*300 n mi radius of these islands. Therefore, the data obtained during

the Line Islands Experiment can be exploited to its greatest potential

in the study of meteorological processes on scales up to and including

the small synoptic scale.
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II. THE LINE ISLANDS

Straddling the equator between 6N and 11S, some 1,000 mi south of I
Hawaii, are eleven atolls, known collectively as the Line Islands (Fig. 1).

The five northerrm,ost islands -- Christmas, Fanning, Washington, Palmyra

and Kingman Reef -- are usually identified as the Northern Line Islands,

while the remaining six -- Jarvis, Malden, Starbuck, Caroline, Vostok and - -

Flint -- are called the Southern Line Islands.

All these atolls 1. ck s,i,3nificant orography; the tallest objects are -

generally the tops of the coconut palms some 60 to 80 ft above the land.

Only four of the atolls -- Palmyra, Fanning, Christmas and Caroline --

have lagoons, while the rest have the familiar fringing reef. Washington,

-however, is unique, having a freshwater lake whose level is controlled by _

-a lock opening seaward on the south side of the island. In addition,

numerous canals have been constructed to facilit.te the collection and

transport of copra. --

Some additional geographical data for the Northern Line Islands are

presented in Table 1. i
Possession of each of the atolls has, at one time or another, been

disputed between the Unired States and Great Britain, although a quiet

.application of either squatters rights or the friendly visit of a naval I
ship has not infrequently settled rival claims. Christmas was contested

as recently as 1957, and Washington was described as an American island 1
as late as 1940. Fanning. on the other hand, has been an undisputed -1

-British possession for nearly a century. Today, all islands except

Kiugman Reef, Palmyra and Jarvis are recognized Britieh possessions. 
i

-A

All the islands have been occupied at cne ti. e or another, although

generally for short periods connected with either guano digging or copra A
production. Only Malden (1890-1926), Christmas (1937-present), Fanning ...

(1902-preset) and Washington (1925-present) have had sustained occupa-

tion, During the last twenty-five years the total population of the latter

- i
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three has generally been just under 1,000 people, with the largest num-

ber consisting of contract Gilbertese labor working for the three copra

plantations. In 1966 all three plantations produced 2,284 (long) tons

-of dried copra.

Administratively, all islands, save the latter three, are the ulti-

-mate responsibility of the High Commissioner for the Western Pacific

-,- -Territories. The Northern Line Islands are administered through the

Gilbert and Ellice Islands Colony with a District Commissioner resident--

.on Christmas Island: the Southern Line Islands are directly under the

High Commissioner resident in HonAara.

Christmas, Fanning and Washington are served about twice a year by -

northbound ships of the Bank Line enroute between S,!va and the Panama

Canal.

A. CHRISTMAS ISLAND

It is fitting to recall that the first published account of western

contact with any of the Line Islands had, in part, a scientific objective: ..----

namely, to observe the eclipse of the sun on 30 December 1777. Six days

before, the master of RMS Resola.tion noted in his log that:

- "At half past seven this morning we discovered . -

land to the northeast which proved to be a low
sandy Island with many lagoons on it: about fiveo'1ock in the afternoon we came to an anc.hor
to leeward of it in lat. 1*58'N and long. 20232'E."'clck.n.th.afernon.w.cam.toan acho

On the morning of the 30th James Cook, King and Bayly:

...went ashore, on the small island above-
imentioned (i.e., Cook Island), to attend the
observoti.on. The sky was overcast, till past
njine o'clock. when the clouds about the sun
dispersed long enough to take its altitude, to
rectify the time by the watch we made use of.
After this it was again obscured till about
thirty minutrs ast nine: and then we found,
that the eclipse was begun. We now fixed the
micrometers to the telescopes, and observed,
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or measured, the uneclipsed part of the sun's
disc. At these observations I continued about
three-quarters of an hour before the end when
I left off; being, in fact, unable to continue
them longer, on account of the great heat of
the sun, increased by the reflection f'om the I
land."

Captain Cook provided the first extensive description of the Island,

including its name, since "...we kept our Christmas here, I called this

discovery Christmas Isllind." He found little water but plenty of fish

and large sea turtles, many of the latter weighing 100 lb or more.

-"During the time we lay here, the wind blew con-
stantlv, a fresh gale at East, or East by South,

...... except one or two days. We had, always, a great
swell from the Northward, which broke upon the
reef, in a prodigious surf..."

Ten days after first sighting the Island, Captain Cook and his

- party set sail northward; eighteen days later (20 January 1778) he dis-

covered the Hawaiian Islands.

.. ... Some 80 years following Cook's discovery, Christmas was known chiefly

for the number of wrecks on its shores. The world's largest atoll pos-

-sesses an unusual horn of land forming the southern side of the treacher-

i. - -olis Bay of Wrecks. Both current and prevailing wind sweep into this

*Bay, forming an inevitable trap for sailing vessels unlucky enough to be

._caught on the windward side. These wrecks provided several involuntary

--residents of the Island, among them the officers and crew of the English

whaler Briton, wrecked on the eastern side of the Island in October 1836.

Bot'i Captain Lenson (1838) and the ship's physician F. H. Tresilian

(1838), published narratives of their eight-month residence, including

a new map of the Island.

By the middle of the nineteenth century, guano was discovered on

many equatorial atolls of the Central Pacific, which not only provided

an opportunoty for the first scientifIc examination of some of the islands,

but also gave rise to what became a lengthy polemic over sovereignty. In



the case of Christmas, Maude (1957) has provided an informative discus-

sion, including an obscure American claim -- under the Guano Act of 1856 --

of the U.S. Guano Company based upon John Stetson's "peaceable posses-

sion" of the Island in June 1858. Further, in 1872, the Island was

visited by the USS Narragansett which "took formal possession for the

United States," while in 1888 Sir William Wiseman took possession of

Christmas on behalf of Great Britain as a possible relay station on the

trans-Pacific cable route. As Maude points out, both American claims . -

are of doubtful legality. A

In 1882, the Island, still unoccupied, was taken possession of by

a New Zealand firm which hoped to develop the commercial possibilities

of both copra and pearl shell. Ten years later they relinquislhed their

--..--rights. Subsequently, the Island has been held under Occupation License

by the Pacific Islands Company (1898-1902), Lever's Pacific Plantations

(1902-1914), and the Central Pacific Coconut Plantations Ltd., the lat-

ter under the immediate supervision of Father Emmanuel Rougier. Father

Rougier, with Louis Becke, wrote a notable book (1914) about the Island,

which included numerous photographs taken before World War I. Rougier

(1915, 1917, 1925) lived on the Island for many years with assets going

to his heirs upon his death in 1936. The heirs sold their interests to

ehe British Government soon after the end of World War II for 50,000

pounds sterling; the Government hoped to colonize the Island with migrants

from the overcrowded Gilbert Islands.

Most of the companies and individuals who attempted to develop the

Island's commercial prospects met with rather indifferent success, the

difficulties of transportation and the vagaries of sustained drought

playing no small part. Nevertheless, since 1946 the plantation has pro-

duced anywhere from 150 to 700 (long) tons of dried copra per year. A

recent report of the Line Islands District Commissioner asserts that

11,000 acres are currently under cultivation, or about one-eighth of the

total land area of the Island.



During World War II, the U.S. Government constructed an airstrip

on the northern part of the Island, and garrisoned it with several thou-

sand military personnel; upon the conclusion of the War all personnel

were removed, though considerable quantities of rolling stock were left

behind. One unconfirmed story asserts that the American military offered

this equipment to the British authorities, but it was rejected. When

the military then proposed to leave it, British quthorities countered -
--ithat they would have to pay duty, whereupon the Americans shoved the lot

into the lagoon and left. Whether or not this account is entirely accu-

rate, a dozen or so military trucks are today rotting in the lagoon near

Bridges Point.

More recently (1956-1957), "Operation GRAPPLE," the British nuclear

....--- weapons tests, had its headquarters at Christmas with a detachment of

---- RAF personnel remaining until June 1964. Finally, the U.S. nuclear

weapons test of 1962 (April-July, September-November), "Operation DOMINIC,"
-occupied the Island for about five months under the command of Joint Task

Force Eight.

. FANNING ISLAND

In June of 1798 the master and crew of the American whaler Betsy

.---were bound northwest from the Marquesas. At 0300 on the morning of the

_11th, the ship nearly foundered on the eastern shore of an atoll in

latitude 3*54'N and longitude 159°20'W, but with consummate seamanship

.-near-disaster was avoided. The ship's master and some of her crew went ---

. ~ --..ashore on the west side of the atoll; while ashore Edmund Fanning (1833),

the Betoy's master, found:

- "On the south island, and near by a grove of cocoa-
nut trees, whose fruit they lay strewed around,
covering the ground from one to three feet deep,
and seemed to have ripened and trees fallen for
many years past..."

The atoll was indeed uninhabited, though Emory (1934, 1939) was

later to infer a fifteenth century occupation of the Island, possibly by

people from Tonga. Finally, a day later (12 June 1798), Fanning dis-

covered and named Washington Island, 70 mi to the northwest.
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Fanning Island was visited two or three times during the next

thirty years, though still uninhabited. However, on 15 July 1848,

Edward Lucatt (1851), "a merchant long resident in Tahiti," found

a man of Crusoe habits had taken up his abode there with his family,

and...had devoted himself to the rearing of pigs. His location is on

the starboard side of the entrance to the lagoon..." A few months

later, Lucatt established a "cocoa-nut oil business," but apparently, -A

this was not sustained for very long. In 1852 Henry English acquired

the title to the Island and employed about 200 Manihikians to manufac-

- -- ure coconut oil. To quiet his uneasiness at the appearance of American

vessels, he was allowed to fly the British flag in 1857; four years

later Keyte (1861) reported the visit of the steam sloop Alert on the

occasion of the Island being taken under British protection. Subsequently,

a Scotsman, William Greig, and an American, George Bicknell, joined the

English and extended their copra operations to Washington Island, in

1860. Grelg, his heirs and associates developed their commercial inter- .--

ests in both Washington and Fanning Islands during the next forty years.

After extensive litigation, Rougier finally bought both Washington

and Fanning at public auction in Suva (30 November 1906); he paid

$125,000 and expected to export guano and copra. In December of 1906

- e brought several sample bags of guano to Honolulu to be analyzed by

Theo. H. Davies. Although the results of these tests are not known, it

is unlikely that the guano was of high quality. With the exception of

an unknown amount exported from Fanning between 1879 and 1885, none has

'been exported since. Significantly, in 1887 a boat load of lumber de-

parted Honolulu to be used to construct drying sheds for copra; since

then, copra has been the major economic asset of the Island, though not

continuously.

Rougier's interests were finally purchased in 1935 by Fanning

-Island Plantations, Ltd., controlled by the Australian firm of Burns,

Philp, Ltd. Since then the plantation has exported from 600 to 1,000

(long) tons of dried copra per year, the largest quantity being 1,119

tons in 1943.

12 _ ___ __
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The importance of Fanning Island in the public mind is undoubtedly

associated with the Cable Station first established in 1902. It was the
relay station between British Columbia and Suva until the new cable was

completed in 1963. The Canadian-Fanning link was, at the time, the long-

eat cable in the world (3.300 mi), and of great strategic importance. f
The Germans acknowledged this importance in September 1914 by com- I

ing ashore (under a French flagl), cutting the cables, and destroying the I

......-batteries and other facilities at the Station. With the help of some

heroic diving on the part of Greig, the Station was back in operation in

-two weeks. "

I
In 1920 the British Admiralty sent no less a person than Lord I

..... iJellicoe to examine the Island and advise upon its suitability as a

-coaling station for British ships enroute to Australia from the Panama

---Canal. Although two naval engineers left Honolulu in May 1920 and spent

several weeks on the Island, apparently no action was ever taken to con-

__ -vert Fanning to a fueling station.

Some twenty years later, at the commencement of World War II, Pal- 1
_-myra, Christmas and Fanning were all garrisoned with U.S. military per-

sonnel. Fanning probably had the smallest complement, stationed on the

Island from April 1943 to June 1945. In addition, considerable quanti-

<- ies of munitions were placed there, including underwater mines. The .

.... ----thoughtless disposal of this equipment in late 1945 had serious implica-

tions several months later when S. G. Ross (1947) treated 95 cases of

-fish poisoning among a population of 224.

The military ordnance was disposed of by dumping it in the sea I
leeward of the Island, opposite both English Harbour and the Cable Sta- :
tion. It was Ross' judgment that "...the plankton and algae, as well I
as crustaceans and seaworms...on which fish feed, contain a poisonous

principle emanating from deteriorating dumped war material." Fortunately,

-- there were no fatalities. -

Finally, in 1963 the Cable Station ceased operation and was offered

S: - .ur sale the following year for $168,000. In 1966 the University of

Hawaii leased the land and (15) buildings from the Gilbert and Ellice I
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Islands colony. The University intends to establish a scientific sta-

tion for mid-Pacific investigatiopn. The facilities will ultimately

include a 2,000-ft airstrip near the Cable Station. Finally, a charge

of $25 per day for food and the use of all facilities, and $200 for (one-

way) air transportation is tentatively planned.

C. PALMYRA -A

Palmyra acquired the fr.st 07 its two ):ciorded niames when an American

vessel of the same name soti.sht rs:u&- there in November 1802; its second

name, Samarang, was &c3-ired during a similar incident in September 1840.

The first rpjt.Xthed account of the Island appears to be that of

Lucatt (1851) who visited it in July 1848 in search of a reputed wrecked ---__

--whaler (none vus found); Lucatt was very impressed: ..

---- -- --- I is without exception, the most singular forms-
tion I have seen. Wc landed on the east side, the
vesbel having suddenly shoaled her water when about

-two miles from the breakers observed upon the land... -- -_
when we reached an islet, with its luxuriant foli-
age gr'wing apparently from the very surface of the
water; and we then discovered that Palmyra Island

- ----- i - -is more properly an archipelago of islets .... The
islets rise only a few feet above the level of the
water.... Sharks were numerous, and so voracious that
they attacked both the boat and the steering oar as

-- we were pulling ashore ... Birds were innumerable...
you could not move your foot without crushing eggs;
and the cries of the birds.. .were deafening, and
more peculiar than any combination of sounds I ever
listened to... .We made the island to be in latitude - .
5"5i'N longitude 162"10'W."

In October 1859, Gerrit P. Judd, agent for the American Guano

Company, landed on Palmyra and laid claim to the Island on behalf of the

Company. However, no claim was ever filed with the Department of State,

and no guano was ever dug.

Three years later, February 1862, Zenas Bent and John Wilkinson were

granted a petition by King Kamehameha IV enabling them to take possession

of the Island under the Hawaiian flag. Captain Bent landed on the Island - -

in April 1862, erected a flagpole, read the proclamation of annexation,

buried it in a bottle at the foot of the pole, erected a building,

I- - -=--- .
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planted some vegetables, and lett a white man and four Hawaiians on the

Island. The Island became an otticial part of the Hawaiian kingdum in

June 1862. In December of the same year, Bent sold his rights in Pal-

myra for $500 to John Wilkinson, who in turn willed the Island to his

wife Susan Kalama. Subsequently (in 1885) her rights were sold for $550

to W. L. Wilcox, who in turn sold them to the Pacific Navigation Company.* I

The latter Company sent a man aun Lis wife to Palwyra in 1885 to assert AI
-its claim. In December 1887, W. F. Allen took over the Island as trustee I

for the Company's czedi-.ors; a month lacer he aold it to William A.

Kinney for $750. Thus, in 26 years the Island's value had incNeased by .-

-- 50 per centl | -

I

* In 1889 the EMS Cornorant annexed Palmyra to Great Britain in appar-

..-. -6.nC ignorance of the Hawaiian annexation. Britain, however, never -
4-Vressed this claim. Finally, in 1898 the 55th Congress specifically in-

cluded Palmyra among tne Hawaiian Islands.

..... _- in 1890 Kinney sold his title to the Island for $500 to Juoge

Wundenberg, while Kalama's brother sold his divided interee to William

-Ringer for $200. Judge Henry E. Cooper, of Honolulu, finally acquired

Wundenberg's share for $750 in 1911; a year later, after some litigation,

Cooper received clear tit].e to the Island.

* -_ -: : The same year a British syndicate expressed renewed incerest in the

---sland, and provided some stimulus to the American autnorixies in the

form of dispatching the cruiser West Virgint.c (in February 1912) to

-Palmyra for the purpose of taking formal possession in the name of the

United States. After this the British advanced no further claim to che

Island.

Streets (1877) appears to have made the first scientific examination

of the Island, although Rock's (1916) account was the most complete until

modern times. Rock (1929) also published a popular account ot tn vvy-

age, while Henry Cocper (1915), the owner, wrote another of the Island

itself.

.According to Honolulu newspaper accounts, the selling price in this
transaction was one dollar.

-- - -- -- - . --
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In 1920, the Palmyra Development Company was formed with air object

of developing the commercial potential of the Island, particularly copra.

The company sent William and Idelle Meng, and Edwin Benner, all ot

Honolulu, to the Island for a year's stay (1920-1921). Meng (1921) and

his wife (1923) both published popular accounts of their residence on

the Island. For various reasons, the coimwiercial prospects for the

Islana were soon dropped by the Company, and the Island was finally I
sold for $15,00 (19 August 1922) to Leslie and Ellen Fullard-Leo of

Honolulu, the Island's present owners. The Fullard-Leo claim was con-

-- tesced by the Government -- on the basis that no private individual . ..

held legal title to the island prior to the annexation of Hawaii to the

United States -- bur was finally sustained in behalf of the Fullard-Leo

family by the Supreme Court in May 1947.

The U.S. Navy made a preliminary survey of the Island in 1938, with

a larger paiy departing Honolulu on 14 November 1939; the Navy con-

.structed r seaplane base, which was tinally manned in January 1942. The

Island was occupied by either military or civilian personnel until

No;-ember 1949.

Like Christmas Island, Palmyra was occupied during Operation GlRAPPLE,

the British nuclear weapons test, in 1957 (April-June), and again during

the DOMINIC nuclear tests in 1962 (April-July, September-November), the - -- -_

latter under Joint Task Force Eight. -J
Lastly, Palmyra was explicitly excluded from the Hawaii Statehood .

Act of 1960. -- -. .. .. .. ... -

_ _ __ _ _ _ _Z -. f-
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1±.&BSERViNGI SES AND "NSTU-ENTA.ON -

A.. OBSERVING SITES

1 Palmyr.aI U.S. Army surface site ,-t,3. 2, 3, 4, and 5). This 'site was
establiahed close tu the edge of th<i lagoon near the southwest t.orner. - .-,--. ,--

the runway. An area of 100 by 00 yd had to be cleared of brusti, -4

which was accomplished by 7 March. (Before that d.te. the instrument .,

were about 100 yd farther inland.) Sowe palm trees were left along the

eg.since preservrat ion of the nortiral beauty of the Island -w a n
4 a considerttion, but these formed nc restriction to tjje airflow near --------

Iinstrumants. '-h-orientation oft.i fgooi Rhn -el.ne at this site _

If-_is 85° to 265' The site afforded unrestricted off-1goon exposure for

wind directions south of east, but Clow was o-f the :slaad for northeart " z

winds. The elevation of the s. te was 6 ft abuve IISL, '. , -

Instrumentation: MRI, instrument shelter, and Dines and Jardi recording

rain gauges. The barometer was in ;he observer's shack about 25 yd back

from the lagoon.

Causeway sre (Figs. 2, 3, 6, and 7). This site was established

in the center of the causeway after road access and site clearing were

arcompllshed on 14 March. The causeway is oriented almost north-south.
Vegetation was cleared for a length of 378 ft, affurding unr.stricted

off-lagoon exposure for all winds except due north or due south. The

site is adjacent to the deep water portion of the east lagoon, with no • - -

upstream restrictions for about three-quarters of a mile. Elevation was

6 ft above MSL.

Instrumentation: MRI, GMQ-12 (on 40-ft tower), and water temperature

sensor 400 ft east of site at 1 m depth over 30 m of "owater.

The anemometer cups of the HRI sets were 6 to 6.5 ft above thu site

elevation in every case.

Iu
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'darren Island site (Figs. 2 and 8). This site was established to

.app~oximate an opea ocean expcosute as closely as possible. Shrubbery
is insignificant 'near the si.te and. exposure is uinrestricted except for

north winds. Access w-as posstble by a combination ef skiff (at high

-id)and wading. The elevation was- 6 f t above MSL. --
Instrumentation: MRI. .

U.S. Air POICE CMD (Figs., 3, 4, and .9). The GIMD equipment was

--housed in a concrete blockhouse near tho souchwest corner of the run-
-way a short distance wiest of the U.S. Army surface site. The b alloon

launches wez-e made a short d'stance west of the blockhouse. This sitc

Aa in the westernL portion of Lhe large cleared area, but some palm

trees are nearby to the south and southwest along the lagoon shore.

DRadsr (Figs. 3 and 10). There was no location on the Island where
* p Im, t repsddntptnilyrsrc portions of the radar horizon

balow 50 or 6'. Consequently, a tower was built on top of a 20-ft block-

r house an the northwest portion of the Island. The electronics were

housed in an air conditioned shack which was also built on top of the
'-.-blockhvuse, and the antenna was elevated 67 ft above the ground (73 ft

Photography (Figs. 3 and 10). The routine still and time-lapse

.cirie photography (Bolex B-1) was accomiished from the top of the radar -

-ztower just below the anteria, giving an almost unrestricted horizon
vihw. A second time--lapse camera (Bolex B-1) was operated from theI

-' - l.agoon shore near the mess hail, looking southwest across the lagoon.

-----The stfereo photography was accomplished from one station on the radar

tower and a second station at the southwest corner of the ruvway (base-I
--. in 3,100 ft).

Ground-based radimeter kFigs. 3, 11, and 12). These were lo-

cq,&on a platform~ buit out: over the lagoon (water depth 20 to 30 ft)I
from a piling off tite si.utiiwest tip of the runway.



23

2. Fanning Island

U.S. Army surface site (Figs. 13, 14, 15, and 16). This site was
located at Huachuca Point, affording good exposure to all winds from

north through east through south. There were palm trees and shrubbery
downwind, but most of the foliage was cut down near the site. Elevation

was 5 ft above MSL.

Instrumentation: MRI and instrument shelter. The barometer was in the
observer's shack, a rehabilitated boathouse southwest of the site.

Robitaille's Beach (Figs. 13, 14, and 17). This site was located

on the immediate beach ridge on the southeast extremity of Fanning
Island, affording the closest possible approximation to oceanic expo-

-sure, The only exceptions (rare) are for winds north of northeast.
Sea spray was severe, resulting in external corrosion of the MRI hous-

ing, but did not affect the wind recording to any observable degree.

Access was by small boat. Elevation was about 9 ft above MSL.
-Instrumentation: NRI.

U.S. Air Force GMD (Fig. 18). The GilD releases were made froma
field of dark coral rock 200 ft north of the house used for work-up of

the soundings. This field is about halfway between the lagoon and the

ocean just north of the cable station, or about 1,500 ft northwest of
the Army surface site. The field is free of palm trees but has scat-
tered lower shrubbery. It is partially ringed with distant palm trees,

extending to elevation angles up to 60. This results in inhibited sur-

face wind flow, and the coral field tends to be considerably hotter

than the lagoon shore during the day. ...

Photography (Fig. 19). The routine still and time-lapse cdne
photography (Bolex B-3) was accomplished from the top of a 25-ft wooden

tower which was constructed on the roof of the former administration - -

building of the Cable Station. The cameras were elevated 65 ft above
the ground, affording an unrestricted horizcn view in all directions
except north-northwest, where there is a grove of casuarina trees about

90 ft tall. Some of these trees were topped during the middle of the

program.
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3. Christmas Island

U.S. Army surface site (Figs. 20, 21, 22, 23, and 24). This site
was at the eastern extremity of Northeast Point. The entire Northeast
-Point area is flat, open, and treeless, offering no exposure problems.
The only vegetation is moderately sparse shrubbery from 3 to 5 ft high.
The elevation was 6 ft above MSL. The salt spray was severe near the A

--beach.

Instrumentation: MRI and instrument shelter located on the rim of the
slope to the beach. The barometer was in the observer's shack, 500 ft

-- inland from the beach. •-

London site (Figs. 20, 21, 25, and 26). The site chosen was on Bridges
.oint, just southeast of London Village. It afforded excellent exposure - l
-to all winds, and served as the off-lagoon site on Christmas Island.

The elevation was about 3 ft above MSL.

Instrumentation: MRI.

New Camp (Figs. 20 and 27). This site is the only example of one

in the interior of an atoll. It is just under I km from the northeast

coastline. The site is in an open field just outside the entrance gate
of New Camp. The field has scattered shrubbery to 6 ft, none within

-. 50 ft of the instrument, but there are tall palms about 400 ft to the .
east. The elevation was approximately 6 ft above MSL.

Instrumentation: MRI (two weeks only).

Aeon Point (Figs. 20, 28, and 29). This site is near the southeast-

ern extremity of the Island, and the 64-mi round trip was a handicap to
S-frequent inspection. The exposure is similar to that at Northeast Point,

j- just inland from the beach ridge. The elevation was about 7 ft above MSL.

Instrumentation: MRI.

U.S. Air Force GMD (Figs. 20, 21, 22, and 24). The 0MD site was in
the open area of Northeast Point, near the Army surface site. The re-
corder was in a building about 600 ft inland from the beach, and the
releases were made from the antenna location, about 150 ft southeast of
the bulding. Only sparse, 3-ft shrubbery occupied the area.
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Double-heodolite pibal site (Figs. 20, 21, and 22). The balloons

were released from a point about 100 ft north of the GMD releases. This

was midway between the two theodolites, which formed a torth-south base-

line of 1 km.

Precision wind data (Figs. 20, 21, and 22). The first location of

the totalizing anew-ometer was a short distance north of the GMQ-12 wind

set; both insti ments were mounted on 40--ft towers 500 ft inland from __II

the beach ridge at Northeast Point, in the same generally open area. -

The second location of the totaliziag anemometer was 20 ft inland from

-the beach ridge.

- B. INSTRUMENTATION

1. Surface Instrumentation

All routine surface meteorological equipment, with the exceptions

---noted below, was provided by the Meteorological Support Activity, United

States Army Electronics Command, Fort Huachuca, Arizona. A general dis-

cussion of the type of equipment used by the Army has been prepared by - -

Jozy (1966). The specific equipment employed in the field during the

Line islands Experiment is listed in Table 2.

In addition to the equipment supplied by the U.S. Army, the Uni-

versity of Hawaii supplied seven instruments that, for the most part,

were used only at Falmyra. These consisted of a Serdex microhygrograph,

a thermograph, an Assmann psychrometer, a calibration mercury thermometer,

a Dines tilting siphon rain gauge, a Jardi rate-of-rainfall recorder,

and 24 plastic-wedge rain gauges; of the latter, half were exposed on

Fanning and the rest on Palmyra.

The Serdex microhygrograph consists of an exposed animal membrane

and provides a 24-hr record of the relative humidity; its full-scale

lesponse (0 to 100 per cent) covers 6 in. of chart paper and has an

expected accuracy of +3 per cent over a range of 15 to 95 per cent rela-

tive humidity between 32' and 135'F. It was exposed at the Army site

at Palmyra for 27 days (4 to 30 April), and was frequently checked with

the Assmann psychrometer.
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The thermograph utilizes a bourdon sensing element with the full-

scale responae (50 to 150*F) covering 4.5 in. of chart paper; it was

exposed at the Army site on Palmyra from 4 to 30 April.

The Assmann psychrometer (Casella) consists of two matched, sheathed

thermometers in the familiar housing, with ventilation of 4 m/sec pro-

vided by a spring-driven fan; the instrument's accuracy is about

+1 per cent relative humidity. 1 4

Both the Dines tilting siphon rain gauge and the Jardi rare-of-

rainfall recorder are discussed by the Meteorological Office (1956); in

both cases, the recording period was 24 hr and, again, both instruments

were exposed at the Army surface site on Palmyra. Apparently, the clock

spindle on the Dines rain gauge was bent in transit, resulting in an

-- ------ upward convex curvature to the ink trace when no rain had fallen; how--

ever, this defect is easily recognized and should not affect the siphon-

ing mechanism, as can be seen from the discussion of instrument mainte-

-nance provided by the Meteorological Office (1963).

The mercury-in-glass calibration thermometer (Brooklyn Thermometer

Co., hiddleton, New York) was used as a field standard at Palmyra; it

was used by Henry van de Boogaard to obtain field comparisons between

the U.S. Army whirled psychrometer and the Assmann. -A

-. - Additional surface instrumentation included eight MRI portable

..--wind/rain gauge units. These units are purely mechanical and record

wind direction, (hourly) run-of-the-wind, and rainfall (tipping bucket)

on pressure sensitive paper. Three units were exposed on Palmyra and .

-three on Christmas, while the remaining two were exposed on Fanning.
(For exact location and site description see discussion in Section II.) . .....

-All units except one (No. 236) were calibrated and checked at the fac-

tory and sent directly to the Line Islands; No. 236 was checked and -7

tested at NCAR before being sent to Fanning. In addition to the MRL - - [

units, a GMQ-12 wind set was exposed on a 40-ft tower on the causeway 
.

site at Palmyra, and a second GMQ-12 on an identical tower at Northeast - !

Point, Christmas Island. The GMQ-12 records instantaneous wind speed

and direction; it was in operation for about 35 days on Palmyra and for
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28 days on Christmas. A complete description of the instrument, includ-

ing the relevant circuitry, Is available from NCAR.

An Eppley pyrheliometer, a ventilated infrared radiometer, and an

ATS Zenith pyrheliometer were operated at Palmyra by the University of

Wisconsin. The instruments were exposed on a piling just offshore in

the main lagoon. For additional details contact the Department of Mete-

orology, University of Wisconsin, Madison, Wisconsin 53706 (Attention:

. James Maynard).

2. Ship Instrumentation

- During the Line Islands Experiment two ships assisted in making

both surface and upper air observations: the Surveyor (Fig. 30) spent about

45 days (14 February to 30 March) directly attached to the field pro-

..gram, while Weather Ship 11 provided additional observations during its

--cruise between Hawaii, the Line Islands, and Samoa (13 March to 29 April).

Surface meteorological instrumentation aboard the Surveyor included

a precision aneroid barometer, Aerovane wind sensors and recorder, an

Assmann psychrometer, and three rain gauges. In addition, photographic

Sequipment for still cloud pictures was included. Lastly, a bow-mounted

thermistor was installed (in Seattle), although it was inoperative most

of the time.

The precision aneroid (WB 478) was calibrated against the Pacific

standard barometer on 10 October 1.966 in Honolulu; at that time it had

a zero correction. Upon the conclusion of the Surveyor's last cruise

- -: during the Line Islands Experiment (4 April 1967), the barometer was

assigned a correction of +0.01 in, by the Port Supervisor, U.S. Weather

Bureau, Honolulu.

The Assmann psychrometer (Casella No. 3579) consists of two matched,

sheath d thermometers graduated in whole degrees Fahrenheit, and aspi-

rated by a sprlng-driven fan; it is described in greater detail in

Casel]a's Catalogue No. 877. With the conclusion of the field program,

the two Assmann thermometers were calibrated in a water bath --- using

an electrical thermometer with an accuracy of +0.01C -- over the range
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too high; these corrections have not been applied to any of the Surveyor's

observations listed in Appendix A4.

The rain gauges were the "remote visual type" and manufactured by

the Belfort Instrument Corporation to U.S. Weather Bureau specification

No. 450.2112. The gauge is 24 in. long and consists of the usual col-

lector, measuring tube (10-in. capacity and graduated iu tenths of an -I

-inch), and hydrophobic connecting tubit8,; rainfall is magnified by a 2:1 - _ I
ratio. As noted above, remote visual reading was used only on the gauge I
mounted on the aftermast; the other two collectors were connected directly -: --

to the measuring tube and mounted cn j1.ats on both sides of the flying

bridge about 15 ft apart..

The 24-hr rainfall amouns. rtesee,.ted in Section V show a reasonable -

agreement, particularly betwee gauge,:., 1 and 2 exposed on the If ling -

bridge. On the other hand, ar._'inas revorded by gauge 3, exposea on the

-aftermast, are consistently higher. There is some chance that the lat-

ter gauge may have collected additional water from parts of the mast or

rigging, although this cannot presently be verified. Nevertheless, while

the ship was on station (18-21 February and 14-2: March) gauges 1 and 2

recorded, respectively, 1.90 and 4.96, and 1.80 and 4.29 in.; gauge 3 re-

:corded 2.20 and 5.70 in. Lastly, no consistent bias resulting from wind

.direction was apparent in a scatter diagram of amounts recorded by gauges -

I and 2 as a function of wind direction -- a notable and perhaps surpris-

Ing result.

Surface instrumentation aboard Weather Ship Ii consisted of a pre- -
A

cision aneroid barometer supplied by the Department of Geosciences, 1

University of Hawaii. It is calibrated in whole millibars (10-1060) i

and is manufactured by Wallace and Tiernan (Belleville, New Jersey)

from original specifications supplied by the U.S. Air Force. The instru-

ment was tested in the pressure chamber of the U.S. Weather Bureau, Hono-

lulu, prior to being placed on board, and was later compared with the

Pacific standard (mercurial barometer). When the instrument was placed

on board, the final comparisons, made by Jack Noonan of the Weather

i
.. .. ...
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Bureau, Honolulu, showed that a correction of 0.7 mb was needed to assure

agreement with the Pacific standard, and that 0.6 mb must be added to

obtain sa-leval pressure (the barometer was 16 ft above the ship's water-

line); thus the total correction, cc be added, is 1.3 mb. However,
through a numerical error involvbng the heght above the ship's waterline, - I
1.2 mb was actually added to the observed pressures rather than 1.3; thus

0.1 mb must -tiIZ e adoed to Weather Ship JI's pressure observations to

obtain corrected sea-level pressure... • --

Wet and dry bulb temperatures were obtained with a ventilated

Bendix "psychron" (Mr'del 566-2). Both thermomezers are graduated in =- j

whole degrees Fahrenheit, with the ventilation being provided by a bat- I
tery-operated fan. The observations were made on the bridge 16 ft

above the water by the ship's personnel. - -

Observations of wind speed were taken with an anemometer mounted

high on the forward mast and read from a dial display on -he bridge.

The calibratio.i characteristics of this anemometer are, unfortunately,

unknown. Upper air instrumentation on both ships consisted of U.S. Weather

Bureau radiosondes (Fig. 31). The data wirre received on board by means

-----of the Bureau's portable receiver No. 66-61. On the Surveyor only

minor trouble was experienced with the ground equipment, while aboard
Weather Ship 11 "no trouble of any kind was experienced and only one -

-\ - -ground set was used for the entire trip." I
3. Upper Air Instrumentation

With exception of the Surveyor and Weather Ship II, all radiosonde

instrumentation consisted of the standard U.S. Weather Bureau instrument

transmitting on 1680 MHz and utilizing the "outrigger" thermistor, car-

bon humidity elements, and hypsometers (above 100 mb). On the other

hand, the two ships used the 403-MHz transmitter, lithium fluoride humid-

ity elements, and no hpsometcrs. I
Ground receiving equipment at all island stations consisted of

GMD-lB; shipboard equipment consisted of U.S. Weather Bureau portable

receiver No. 61.
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4. tircraft Instrumentation

WV-3 aircraft, U.S. Navy VW-l reconnaissance squadron, Complete

details of all instrumentation are given in the Weathzer Reoonnatssa-we

Manual issued by the Airborne Early Warning Squadron One (1965).

Briefly, a continuous digital record of air temperature, humidity,
and pressure was provided by the AN/AMQ-17 aerograph set. The data was

printed out every minute with tolerances asserted to be +O.50 C on tem-

-perature, +3 per cent on relative humidity and +5 mb for pressure. . -

The sensing elements, in the case uf temperature and moisture, con- -

. sisted of "a 7-in. probe mounted outside the aircraft's fuselage. The

(electrical) resistance of the thermometer and hygrometer elements are

varied by changes of temperature and humidity. A continuous-balance

.. servo assembly in each channel maintains the electrical balance of a

bridge network." For pressure, "a transducer is connected to the air-

craft static pressure system and converts the mechanical energy produced A L

by the changes in static air pressure acting on a bellows to an electri-. ........--

cal signal required to operate the pressure servo assembly .... .

Changes in pressure unbalance the bridge network . . . which causes the

servo motor to drive the balancing potentiometer in a direction to bal-

ance the bridge." In addition, pressure was also measured by an aneroid

barometer (ML-401/U) connected to the aircraft static line; observations

from this instrument were entered on the observing forms.

The ML-313/M psychrometer equipment was not operared on any of the

flights, nor was the doppler radar.

During the three flights about 36 dropsondes (AN/AMT-6) were re-

leased.

The WV-3 aircraft was equipped with the APS-20E radar for PPi pres-

entation and the APS-45 for RHI. These sets have been standard eouip-

ment (in Navy weather reconnaissance aircraft for many years. The PPI

scope was photographed in 16-mm time-lapse. More detailed specifica-

tions of the radar can be obtained on request.
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B-47 aircraft, Ui.S., Ar Force .Hickam Fie l onoulu). These air-

craft were equipped with doppler radar, a Rosemont temperature sensing

element, and, on nearly every flight, a 35-mm camera for (still) cloud

photogwreaphy; no time-lapse cloud cameras were operate on any of the

-B-47 flights. On most flights, the aikcrat radar was photographed in

35-mm time-lapse. - "

It is not presently known what calibration procedures were normally

-followed regardinA either the temperaxure .ensors or the doppler radar. - _

WHOI. C-54Q aircraft_( oods Holy). A complete list of all instru-

"mentation aboard the WHOI. aircraft has been published by the Facilities . - ..

Division of NCAR (1965). Add.Lionel details ca,. be obtained from the

Woods Role Oceanographic Institution (WHOL), Woods Holz, Massachusetts

Huacuca;moreover, none of the Army equipment registered any calibration

-chne during the field program. In particular, Frank C. Harrison in-

form.us that "the barometers were checked in a standard tabl-top vacuum

chamber (open e-' 20-in. diam, 34-in, depth, 1-in, glass door) and co-I

- - --pared with a Hass baro meter (Type MS-2, micrometer standard, 0 to 62 in. Hg,

I

-_0.6-in, bore, modified V-tube); the pres..rre was run up, down, and up,

and read optically." Further, "the temperature standards used include

" a triple-point cell for water and triple-point cell for benzoic acid, and I
a platinum resistance thermometer; humidity was checked against a Cam-

bridge system dew point hygrometer." The resulting scale corrections,

-- .6-nfor the pressure range of interest here, are displayed i, Table 3; these

corrections have not been applied to the data recorded on forme WBAN 10A-B, -

nor to the tabulations in Section V.

Other laboratory tests include the calibration of the Assmann

thermometers and the "field test thermometer" -- both in use at Palmyra.

All three thermometers were calibrated in a water bath at Lhe University
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__ Table 3

I SCALE CORRECTION (mb) AT 75-F FOR U.S. ARMY ANEROID BAROM[ETER

Surface Pressure (imb)
-Station (Serial No.)

1000 1005 1010 1015 1020

Christmas (1358) -0.2 -0.2 -U.2 -0.2 T

Palmnyra (2315) +0. 4 +0.5 +0.5 +0.5 +0.6

-
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I
of Hawaii using an electrical thermometer accurate to +0.01C. Over the

range 220 to 28C, both Assmann thermometers recorded exactly the same

temperature, though both were in error by no more than +0.20 C (+0.4F).

On the other hand, the field test thermometer was in error by -0.20 C

(-0.40 F) over the entire measured range (220 to 280C). Thus, to correct

the Assmann readings subtract 0.20C (0.4*F) and add O.2C (0.40 F) to

correct the field test thermometer.

While at Palmyra, van de Boogaard conducted some field calibrations -

between the Army screen thermometers, the Assmann psychrometer, and the i
- r--field test thermometer; these hourly comparisons were conducted at the

Army site for six days (22-27 April) and demonstrated that the difference
.. .betwee.n the test thermometer and the Army screen thermometer on the one - - -

_--hand, and the test thermometer and the Assmann on the other, were both,

-in the mean, -0.4*C. Stated otherwise: to correct the Army screen ther- -

mometer subtract 0.4 0 C (0.7°F). Again, these corrections have not been
... .......---- app lied to the data entered on forms WBAN 1OA-B, nor have they been ... ..--

applied to the tabulations ir Section V.

A "Precision Micro Barometer" (American Paulin System, Los Angeles) - -

was employed in the field to secure barometric comparisons between

Palmyra, Fanning, and Christmas. Unfortunately, the instrument was

-damaged in transit to Honolulu upon the conclusion of the Experiment,

what few comparisons were completed are of doubtful reliability;[they have not been utilized in any of the following discussion.
Lastly, the 24 wedge rain gauges (Tru-chek Rain Gauge Division,

Edwards Mfg. Co., Albert Lea, Minnesota) were exposed on both Palmyra

. .and Fanning. On Palmyra they were exposed every 0.1 mi along the runway

(Fig. 3), while on Fanning the network was wider (Wig. 32) and carefully

selected by Frank Robitaille, the observer. These gauges are made of

plastic, graduated in hundredths of an inch, and have a capacity of

6.00 in. Huff (1955) has discussed a (favorable) field compar'ison test

between this gauge and four others, including the U.S. Weather Bureau's

standard 8-in. gauge.
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IV. THE OBSERVATIONS

The listings which follow give the time interval of data collection

for the various types of data and for each location. If not specifi-

cally stated otherwise, the data may be assumed to be of satisfactory

quality or better. Unless otherwise stated, all times are local (150*W)
I

time; all dates 1967. The source of information and/or of copies of the

data is NCAR. Virtually all of the data are available on microfilm. - .

A

A. PALMYRA

---1. Surface Observations

Hourly surface observations (0800 21 February to 1400 21 April; . ... -

21 April to I May) were recorded on forws WBAN 1OA-B, although eight

nighttime hours are not available during the last period. Tabulations

of most of the data are presented in Section V.

2. Upper Air Observations

Winds and temperatures are available every 6 hr (25 February to

21 April); in addition, serial soundings every 3 hr are available for

selected days. A complete liste of dates and times is presented in

Appendix A. The original records are available at NCAR, with the raw

4ata available on both punch cards and magnetic tape (thermodynamic

-data at each signifiant level; wind data each 6 sec for the first

5 min, and every 30 sec thereafter); duplicate card decks or tapes are

available. Lastly, two soundings per day (0200 and 1400), hand-worked

and uncoded, are iumediately available.

3. Photographv ...-- .

Hourly sky panoramas were obtained with a Rolleiflex (700 field

lens): good data coverage (2 March to 6 April), spotty coverage (7-17

April), considerable missing data (26-29 March, and after.6 April). . - -



----- --y ~ - -- -: - - -. -- --- -- --- - - . .. . . . . - -
l- .

40

Time-lapse photography (Bolex No. 1, 580 field lens), 12 March to

21 April; considerable missing data on 2, 3, 4, 26 March, and 11, 14,

16 April. On most days, particularly those with active convection,

regular photography was liberally supplemented t-y 35-mm color slides.

All original data are available at NCAR; copies (on a limited scale) are

available.

4. Radar Scope Photography

There was virtually no interruption of data (2300 2 March to 1400 ....

21 April); the latter consists of 80 rolls of 16-mm Kodachrome II film

in 100-ft rolls. Date, time, elevation angle, and range are clearly

S - -= --- isible on each frame. In addition, numerous Polaroid prints are also

available. Originals are retained at NCAR; copies are available.

- 5. Stereo Photography -

With the exception of 26, 28, 30 March and 4, 5, 10, 14, 16, 18,

20 April, about 15 to 35 stereo pairs per day are available (22 March to

--2 April). These data are located at the University of Wisconsin,
Department of Meteorology, 1024 Regent Street, Madison, Wisconsin 53706

(Attention: A. Frederick Hasler). A detailed catalogue of all pictures 11
is available upon request.

6. Radiation Data

The Eppley pyrheliometer, ventilated radiometer and ATS Zenith

---- Tpyrheliometer were operative between 24 March and 21 April (0730-2030).

The ventilated radiometer was operated 24 hr a day on an itntermittenL
[ ...... ... bais;the Suomi-Kuhn economical radiometer was flown each eveninis on

the 2000 L sounding between 21 March and 20 April. Additional infor-

mation may be obtained from the Institute tor Environmental Research,

.ESSA, Boulder, Colorado 80302 (Attention: Peter Kuhn), or from the

Department of Meteorology, University of Wisconsin (Attention: Jumes I
Manrd

----------
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7. Additional Surface Wind Data

The MRI wind set on Barren Island operated from 16 March to 19 April; -- A

the MRI wind set on the Causeway site operated from 14 March to 1 May,

and the GMQ-12 wind set operated from 16 March to 21 April on the Cause-

way site with a few short periods of data loss. Microfilm copies of both

types of original strip charts are available. Tabulated hourly means

from the MRI charts appear in Section V. Additional information on GMQ-12 -

data may be obtained from the Department of Geophysics and Geophysical

Engineering, St. Louis University, P. 0. Box 8020, College Station, -L
-Z- t. Louis, Missouri 63156 (Attention: Paul Hwang). Tabulated wind speeds --

at 1-min intervals should be available on duplicate punch cards or mag-- - - - - -

netic tape on request.

8. Additional Rainfall Data

The Dines tilting siphon rain recorder and the Jardi rare-of- - - - 71
rainfall recorder were operated from 21 February to 1 May. Both records --Y
are virtually complete (one chart per day), although there is doubt

about some of the Jardi data (under review). Further, the clock spiudle A
on the Diner was apparently bent in tvansit resulting in a slightly con-

vex ink trace when no rain had fallen. However, this is easily recog-- .

nized and should not affect the siphoning mechanism.

Additional rainfall data were collected from a network of 14 plastic- -

wedge gauges exposed at 0.1-mi intervals along the airstrip, with four
3

additional locations roughly at right angles to the west end of the air- _

strip (Fig. 3). The network operated for 35 days and was usually read - - -

three times a day. A summary of totals appears in Section V.

9. Tritium Analysis 
A

About ten samples of rain water and two samplea of lagoon water -

were collected to be analyzed for tritium content. The time of each

rainfall -- in some cases an individual shower -- is known, and it is

likely that the cloud depth for such cases can be estimated. The anal-

ysis is being carried out in the laboratory of Willard Libby, at the

University of California at Los Angeles; any significant results will

i

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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be reported to NCAR where they will be )mbined with the appropriate

meteorological data and made generally available.

10. Atmospheric Electricity

Stig Rossby obtained numerous measurements of electrical properties

of warm clouds in the vicinity of Palmyra, but details are not presently

available. Interested persons should contact Rossby at NCAR for further

particulars.

B. FANNING ATOLL

1. Surface Observations

Hourly surface observations (0700 1 March to 1400 21 April) were

- -recorded on WBAN 10A-B forms. Most of the data is presented in Section V.

.. Upper Air Observations

Winds and temperatures were taken every 6 hr (4 March to 21. April);

in addition, soundings were taken every 3 hr on selected days. A com-

- ...-- plete list of available soundings is presented in Appendix A2. Other

details: same as Palmyra.

3. Photography

Hourly sky panoramas (Rollelflex, 70' field lens) are available

(2 March to 21 April), as well as rime-lapse photography (Bolex 58-

field lens) during 3 March to 21 April; on some days (12, 15-21 March)

there is considerable missing data. Again, on all days, the above

* record was liberally supplemented by 35-mm color slides. All original

. records are retained at NCAR; copies are available on a limited scale.

4. Additional. Wind Data

The MRI unit on Robitaille's Beach site operated between 28 March

and 14 April. Microfilm copies of the original strip chart are avail-

able from NCAR. Tabulated hourly results appear in Section V.

5. Additional Rainfall Data

Between Cartwright Point, near English Harbour, and some 4 ml north

of the Cable Station, 17 plastic-wedge gauges were exposed; for the most
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part, the gauges were read every day (Fig. 32). Robitaille, who orga-

nized the network, has provided a photographic record of each gauge and

its immediate surroundings. These (35-mm color slides) are available

at NCAR, along with copies of the daily results. A summary of totals

appears in Section V.

6. Lagoon Surface Temperature
-

Observations were made by Robitaille and Ralph Coleman during sev-

eral crossings of the lagoon by small boat piloted by John Fleetwood and -

Biibou. Tabulations are available at NCAR. _ . __

C. CHRISTMAS ATOLL

--- 1. Surface Observations

Hourly surface observations (1700 3 March to 1400 21 April) were

recorded on forms WBAN IOA-B, m:7st of which are presented in Section V.

2. I ,ner Air Observations

Winds and temperatures were tzken every 6 hr (4 March to 21 April);

in addition, soundings were taken every 3 hr on selected days. A com-

plete list of available soundings is presinted in Appendix U. Other

details: same ns Palmyra.

3. Photography

Hourly panoramic photographs (Rolleiflex, 700 field lens) are avail-

able (7 March to 21 April) with considerable missing data on some days

(17 to 20 March, 22 Marc to 9 April); in add.Ltion, time-lapse photography

(Bolex, 58' field lens) is also zvaiiable (14 March to 21 April), againi

with considerable missing dn.a c¢z'n r Jays (.5, 1.3, 20, 25 March; 15,

18 Apc:il). This record was occ..ioia sjuppi. :m-.en.ed by 35-mm slides. -

Original data is retainee at NCA1., "'p1; re available on a limifted

scale.

4. Add) tionaU Surface Wind Data

Th.; KRI uni at Bridges Point, Londoro Vl,age, operated during

14 Ma -Lh zo 19 April, while a simi : '-8t c. Mon 'oint operated dur-

ing 24 M;h T-t. 6 April. The 1' Qn. aL N, ,- C.zap opeated during

V ~-~=-- -~~--. .
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8-23 March, wi!le the GMQ-12 wind unit operated during 22 March to

21 April at the nain observing site at Northeast Point. Other details:

same as Additional 3urface Wind Data, Palmyra.

5. Precision Surtace Wind Data

The precision totalizing anemometer operated from 22 March to

21 April. The data are in the form of total wind flow in hundreds of

miles, totalized continuously from start, on paper tape. The data are

continuous over the period of record except for 2.5 hr. On 7 April,

the site was shifted from 520 to 22 ft inland from the beach crest at

-Northeast Point. In each case, the anemometer cups were 39.0 ft above

the ground, or 45.0 ft above MSL. Format: punch cards or numerical

printouts. Requests for copies of the data should be addressed to the

Department of Meteorology and Oceanography, University of Michigan,

Ann Arbor, Michigan 48104 (Attention: Gerald C. Gill).

6. Serial Double Theodolite Pibals

These were released at intervals of 20 min for periods of 8 hr.

The start time of the serial period varied so as to give all hours of

the day equal representation. The asccat rates are unknown, but are

mostly near 700-800 ft/min. The theodolltes were read at 20-sec inter-

vals; in addition to 501 double theodolite pibals, 11 rawinsonde bal-

loons were tracked bv the same method (the rawinsonde printing angles

each 6 see). The baseline was 1,000 m, aligned north-south. The re-

lease point of all balloons was about 150 m from the windward .oast at

Northeast Point. A summary of the obscrving program appears in Table 4.

Location and format: raw data is at t',. University of Miami; a copy at

NCAR. It ii piobable that the data can be made available on punch cards

or magnetic tape in raw or reduced form. For additional information

write to the Institute of Atmospher>" F-Jence, University of Miami,

P. 0. Box 9115, Coral Gables, Florida J,1,24 (Attention: Mariano Estoque).

D. U.S. COAST AND GEODETIC SURVEY SHIP SURVEYOR

The itineraty of the Sureyor during the Line Islands program is

presented in Table 5. Thus, the highlights of the cruise are a number
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Table 4

1967 DOUBI.E TIIL.OOOLITE P.BAIS, NOTIIAST POINT, CIHRISTMAS ISLAND

Ascents Tracked Ascetus Tracked
Serits Loc'al Observing PS:rnd I Soundgs 360 sv, c or 1More 120 suc or Loss

1 5 Mar. 0441-1155 19 6 2 A
2 7 0620-1200 18 12 2

3 8 0400-1200 24 5 9

4 9 0520-1200 16 5 3 -A

5 10 o400-1200 24 9 3

6 14 0800-1600 24 17 0

7* 16 0800-]600 23 8 3

8 21 1320-2040 20 0 3

9 22 1300-2100 22 15 0 -

10 23 1300-2100 22 5 1 - .

11 27- 2100-0500 22 15 2
28

-12 28- " 2100-0500 23 14 2----
29

13 29- " 2100-0420 20 15
30

14 1 Apr. 0800-1600 22 16 0

15 3 1300-2040 20 is 0

16 4 1 300-2040 20 12 ,

17 6-" 2100-0500 22 8 1
7

18 7- " 2100-0400 18 5

19 13 " 0o400-100 20 9 1

20 15 1320-2040 20 13 1

21 17 0800-1600 20 13 2

22 18 " 0820-1600 20 7 2

23 19 0800-1600 23 7 1

24 20- " 210u-0220 17 11 1
21

No. 13 .,c -k------ -I

n -- - -- =- .- 13 --- r- - c ~ 7,____ __ __ ='--~--i=-- - - .___--__ __ ,_
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of north-south sections, and a period of 12.5 days on station (a loca- I
t0on which forms a triangle with Fanning and Palmyra -- 250, 200, and

200 -'~'n a side),

Table 5 1

ITINERARY OF SURVEYOR (LST)j

-Leave Honolulu 13 Feb. 0800

Leave 6N 158W 17 " 0100

--Arrive Palmyra .. .. .. - 171 1800 . . l
Leave Plimyra 20 1600

Arrive Fanning 22 0400

.-- -Leave Fanning . .. .24 1700

Leave 3N 156W 25 " 1300

Leave 3S 156.5W 27 0700

Leave 3S 157.5W 27 1200

Arrive Christmas 1 Mar. 1000

Leave Lhristmas 1 " 1900

On Station 6.5N 158W 2 1400-1700

Arrive Honolulu 5 "

Leave Honolulu 9 " .

On Station 6.5N 158W 13 0600-25 Mar. 2000 1
Arrive Fanning 26 " 0800

Leave Fanning 26 1.700

Arrive Palmyra 27 " 0800 i
Leave Palmyra 27 2000

Leave 6N 158W 28 " 1300
Arrive Honolulu 31

1. Surface Observations

Hourly surface observations (0800 16 February to 2300 4 Marcih, and

0700 11 March to 1000 30 March), taken on the ship's bridge, were re- I
corded on forms WB6I5-5, inpluding hourly (bucket) measurements of sea-

surface temperature, and 24-hr rainfall totals from three gauges. The

-I~i
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Assmann psychrometer ,eadings were made on the forward deck in such a

manner as to minimize ship effect on the measurements. The wlnd direc-

tion and speed are currently available in real time only, analysis u)

the (Aerovane) wind velocity and course recorder charts is in progresL

at the UnIersity of Ilawali, with the goal of more refined estimates.

Most of the observations are presented in Section V.

Lastly, surface observations aboard the Surveyor were the respon-

sibility of William Curtis, with the generous assistance of Jim Perry. 4
-A

2. Upper Air Observations

Radiosondes were released every 6 hr (16 February to 4 March, and

-10-30 March) and tracked optically with a single theodolite. In addition,

soundings every 3 hr were made on selected days. In all, 165 successful

soundings were taken, achieving a mean pressure altitude of 25,289 m with

the highest reaching 36,031 m. Winds were obtained on 116 soundings,

the mean height of the rabals being 1,789 m, with a maximum height of

7,100 m. The complete observational record is presented in Appendix A4.

Raw data are available on either punch cards or magnetic tape

(thermodynamic data at each significant level, wind data every 30 sec);

duplicates of either are available. These are reduced data tabulations

on punch cards or magnetic tape (exact format optional). Two soundings

per day, handworked and in coded form, are also avaijable. Original

- rds are retained At NCAR-

Lastly, the upper air program aboard the Survcyoi was the respon-

silbility of M. Fields (in charge), E. Iverson, and J. Musumeci, whose

able services were offered to the Line Islands Experiment by the U.S.

Weather Bureau.

3. Photography

Hourly panoramic photographs (Rollelf!ex, 700 field lens) aie

available (22 February to 4 March; 10-29 March) along with numerous

35-mm slides during the whole period. All originals ate Letaineu at

NCAR; copies are available on a limited scale.
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4. Ocaag aph ic .Data

Tie oceanog|;phir program conducted on both cruises has been fully

described by Wyrtki (1907). i

f

T'he' itiCrary of h''ath,: f], 1! is displayed in Table 6; briefly,

she a.qisLed the line Islands Experiment durir; ner cruise between A
Ilawaii, the Line Islands, Samoa. the Phoeni- Islands, and Hawaii, taking

onV radiosonde pr d,. and !,ourly surfaceb.c :atcons. -

Table 6 1

ITINERARY OF ;A'HLJf 2JN]' 17 (I.ST) ... .-

-Leave Honolulu 10 Mar. 1400

Arrive Palmyra 15 " 1500 .1
Leave Palmyra 18 1600 _

-Arrive, Fanning 20 0900 -

Leav Fanning 21 " 1400

Arrive Christmas 22 " 0900

Leave Christmas 25 " 1030 . -
Arrive tPago ]ago 8 Apr. 16W0 .

Leave Pago 'ago 12 " 0830 1
.__. Arrive lIoiioluIu 1 May 1100

1. Sur face (,bservations

Hourly surface observations (10 March to I May) were taken from

the ship's bridge and recorded on a form equivalent to WB615-5 used -4
aboard the .7n.'',ocv. The original observations arc available on microfilm.

2. Upner Air Observations -.5

The upper air program consisted of one radiosonde per day (2300 GMT)

during tie per iod 13 March to 28 April; no wind observations were made.

The 33 complvted soundings achieved an average pressure altitude of
-
A

* A

A

____



494

23,021 m, with a maximum of 31,240i m. A ,omplhtv list of ,,ll sounoings

is presented it Appendix AS.

Again, tho l. ., eaeY iuteai. provided hoti t equipnltI and the J

ab ,: I I.V-t 0C ! J 1, 1 i il i0 S i. ' tLe

F. AIRCPAFT PttA: A. RQ.iQ' AIR

1. C(;weal

During the Line iI 'lsixpo. r i,,vrimt the NCAI- Rceearch Aviat ion aci 1-

ity collected flight data thrcncji tk,- operat ion of a Iesar,.ach inst umeted
Queen Air. Generally seakir' g, the Jight participation amounted to

60 ,u-carch Ilights dt i -i as pcr .cd of 53 days l or a total of 205 rvsearch

hours or an average of 5.0 hr pr dav. Inc]udin6i ferry flightIils, tie-

--------- -tota time combos to 310 hr.

The individual 1:1 i -li arc. aumi a r NZeA b i .. tr 1... t i, t
a'n d upration ] J]iustu7isentat Clu, iii Appendix 1- . Appendix 1. depicts, by

- -light number and oate, t-he amournt (hours and uuilnutes) and typ- of d.ataa

collected, and tike aicta.t tI ,.: k anld altitude oklte , wi i| t lie dat a wz c

collected. Appenii),h 1L list, tie various irz trur,;ents that .'erc ust.-i at

any time throughout the proJ,,I, Finally, Apendri B3 deIpict'; the vari-

ouu instruments that were utilized on any given I]iglut

Through use of these Lal-leu. it should bc possi I-c to dtt I'uii,-

those tlights for which the flight data should be acquired.

Upon requesting any particular Line Islands Experiment aircralt

i data, the requestor will be furnished with more specific information

I such as instrument speciflcatin. , plus details such as. data format and

meteorological observations.

2. Infrared Radiometer Operation

The Barnes IT-3 infrared thermonueter was flown on the Quven Ail

on 37 flights, occupying about 138 hr (item 13 in Appendixes b2 and 113).

Tis pruvidt.d about 18,000 mi of st-a tempt eraturc data in the rugion

bounded iby 25 to iON and 156W% to 165'.. lhe majority of this tint, was
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trom an altitude of 500 it but some data exists for altitudes up to

10,000 it. Mn unobstructed view of the ocean surface was afforded

thiough a pore. in tile fuselage for all angles fiom the vertical to 60'

from h'e vertical. The data format comprises strip charts at the Uint-

vcrsity of Wisconsin, and analog tape records from ARIS at NCAR; analysis

Js5 well underway on the latter. For additional information write to

the I)epartment of Meteorology, University of Wisconsin (Attention:

Robert A. Ragotzkie).

C. AIRCRAFT )ATA: WOODS HOLE OCEANOCRAPHIC INSTITTION C-54Q

- . (eneral

A series of 12 flights were flown in the Line Islands region be-

tween 11 April and It May 1967. The departure of the aircraft from

Woods Hole was delayed five weeks by maintenance difficulties, so that

onty toe rirsr six ilgHLS were made before 21 April, when most of the

observations on the Line Islands ceased.

The meteorological parameters observed were: temperatures, humid-

ities, winds, sea temperatures, solar radiation, cloud types and amoants,

precipitation areas, turbulence and turbulent fluxes, and dust content

of tile atmosphere. The temperatures were measured by a thermistor which

recorded on an 1. and N Speedomax recorder, and by the T-6 dropsonde. The

humidities we. . " .nermistur covered by a wetted wick, by a

dew point hygrometer, and by the carbon element of the T-6 dropsonde.

Winds were measured by the doppler radar installed on the aircraft

and by the navigation of the aircraft. The doppler radar was frequently

in error during the expedition. It is expected that good wind values

can be obtained by checking against navigational winds and using the

corrections found by flying 15-mi squares.

Solar radiation was measured by an Eppley pyrheltometer. Vibration

of the aircraft broke the wites on the original pyrheliometer and a spare.

The last few radiation measurements were made using a light meter, which

will have to be calibrated before the record can be reduced.



Clouds were photographed continuously b1 I Bulex camera U the port

side of the airel jlt. Photographs were taken every 2 st'c. Individual

photographs were made with 35-mm cameras and with a liasselblad camela-

Photographs of the weather radar display (X-band) were made every minute

to record precipitation areas. Turhulence and turbulent fLux data were

measured on an oscillograph. The measurements made were: vertical

acceleration of the aircralt, airspeed fluctuations, pitch of the air-

craft, temperature fluctuations from a platinum wize thei momLei, and 4

humidities from a microwave refractometer. A dust counter wa.s used by _

William Mrlatt of Colorado State Univexsity during the first thle v

flights,

2. Infrared Radiometer Operation

Radlometric measurements were made on the 12 lights of the 41101 C-540.

Each flight was about 8-10 hr and nearly half the total flight time was

made in the sub-cloud layer at 800 ft. The Barnes ]T-3 radiometer has

a field of view of 3'. The time response was slowed to 10 sec to elimi-

nate noise and increase sensitivity, so that small temperature changes

over large distances could be detected. It is idclicved that changes of

O.1 0 C are detectable. The NIMBUS MRiR was operated only in the 10-11 ii

channel; the scan mirror was fixed so that it looked straight down at

all times. Response time was increased to 15 setc for tht b3rmt rteasor,

abovc. This mease.ment is in quesi. ' because the aircraft hydraulic -.

iluid was blowing into the scan mirror, and it hias not been determined

to what extent the readings were affected. The data is available in

strip charts. For additional information, write to the Department of

Atmospheric Science, Colorado State University, fort Collins, Colorado

80521 (Attention: William Narlatt).

3. Plans for Reduction of Pata

The psychrograph, dtw point, wind, and shirLwa v' radiation d.ta

are being reduced at 2-min intervals thoughout the series of flights.

Extra observations will be read during climbs and dtescents aind p.assagts

through clouds. Most of the reduced data, except hc solar radiation

data, will he printed out on a single line oh computer paptr. These

L. - _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _



sheets will be sent to NCAR for distrtbution to meteorologists working

on the Line Islands Experiment data.

The cloud movies will be measured and distributed as tabulations

of heights of bases and tops of clouds. Cross sections will be drawn.

The short-wave radiation data will be read and printed on computer

sheets giving the 2-min values and the computed total for the day at a

given spet based on the value at the time of observation.

The original dropsonde data will be sent to NCAR or the University

of Hawaii to be checked for errors and recomputation.

The turbulence runb will. be reduced at Woods Hole to yield rjns

vertical velocities, horizontal turbulent velocities, temperature fluc-

tuations, water vapor fluctuations, and fluxes of heat and water vapor.

For additional. information write to the Woods Hole Oceanographic

Institution.

Summaries of the individual flights are prespntad in Appendix C,

while the flight tracks are depicted in Fig. 33.

H. AIRCRAFT DATA: WV-3 AIRCRAFT, U,S. NAVY VW-l RECONNAISSANCE SQUADRON

AGANA NAVAL AIR STATION, GUAM (FLIGHTS NADE FROM HICKAM AFB, HAWAII)

This aircraft is alternatively identified a, the WC-121, or the

radar picket ship. Three successful flights were male be'ore the air-

craft was recalled to track typhoOnS iIn the wv teLil Laclfic. Routine

data collected on each flight include time-lapse photographs of the

APS-20 radar scope, height-finding data from the APS-45 radar, and all

routine weather reconnaissance observations, but Et more frequent inter-

vals than normal (every 15 min). Time-lapse cloud photographs were

taken routinely from both sides of the aircraft, supplemented by 35-mm

slides. About nine dropsondes per flight were mide on the 10,000-ft

portion of the flight track.

The itinerary of the three flights is listed in Table 7, while the

flight track is depicted in Fig. 34.
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All data are available at NCAR and consist of tabulations, strip

charts, and photographs. The dropsonde data is still unreduced. Inquir-

ies are invited regarding current status.

1. AIRCRAFT DATA: B-47 AIRCRAFT,_U.S. AIR FORCE 57TH WEATHER

RECONNAISSANCE SQUADRON, HICKAM AFB. HAWAII

There were a total of 24 flights made by the 6-47 aircraft. Routine

data collected on each flight include doppler winds, radar-scope photog-

rapaiy, and all routine weather reconnaissance observations each 30 min,

recorded on AWS form6 24 and 33a (Rec,'o code). It was not possible to

-_---ount time-lapse cameras in the aircraft, but the observer carried out

a systematic program of still photography with a 58' field 35-mm camera.

For most flights, slides were taken every 15-30 min from both sides of

the aircraft: because of the altitude (30,00 ft), these slides cover a

-: wide area. Al! flights were carried out at an altitude between 30,000

and 35,000 ft, mostly at 300 mb (30,000 ft); see Table 8 and Fig. 34.

for flight listings and flight tracks. Copies are available from NCAR

of standard data, tabulations, and the original photographic data.

J. AIRCRAFT DATA: C-97 AIRCRFT, AIR NATIONAL GUARD. 146TH MILITARY

AIR WING. VAN NUYS, CALIFORNIA (FLIGHTS MADE FROM HICKAi AFB, HAWAII)

...... These aircraft provided the major lugistics support for the field

--. -stations in the Line Islands and were not equipped for weather observa-

tions. On most flights, however, at least one scientist was on board

to operate one or more time-lapse cameras, and to take still photographs,

notes on weather conditions, radar echoes, etc. Flight altitude was

* usually lebs than 5,000 ft on the short Palmyra--Christmas leg, and

-usually between 7,000 and 15,000 ft on the Honolulu-Christmas or Honolulu-

Palmyra legs. For additional details, exact flight times, or copies of

photographic data, write to NCAR. Flights for which significant photo-

graphic coverage exists are Listed in 'able 9 (this is not a compre-

hensive list of all flights,
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t
Table 9

AIR NATIONAL GUARD FLIGHT SUMMARY

Date Track Remarks

27 Feb.* Honolulu-Palwmyra Stills only

5 Mar. Honolulu-Palmyra-Chris tmas

6 Christmas-Palmyra-llonolulu -

.19 "Honolulu-Christmas 
-

.20 "Christmas-Palmyra-Honolulu -

Honolulu-Christmas Stills only

-26 "Christmas-Palmyra-tionolulu -

----- 1Apr.* - ---Honolulu-Christmas Stills only

2 "Honolulu-Palmyra-Christmas Stills only

3 "Christmas-Palmyra-Honolulu

9 "Honolulu-Christmas 
- i

10 "Chris tmas-Falmyra-Honolulu -

16 "Honolulu-Palmyra-Christmas -

17 'Chris tmas-Palmyra-Honolulu -

U.S. Coast Guard C-130 included here for convenience. -

K. SATELLITE DATA: ATS-l

The first ATS-*l picture was taken on 10 December 1966 and successful
operation has continued up to the present. The listing in Appendix D is

for all dates between 14 February and 10 May 1967, encompassing not only

-the intensive Line Islands Experiment period proper, but also an earlier

period for which some supplementary observations are available from the

UISC&GSS Surveyor, and from Palmyra. Included also is a later period for
which supplementary observations are available from Palmyra, fron the

WHOI C-54Q research flights, and from the USAF B-47 reconnaissance flights.



57

It is important to note that the listing applies to the hard copy

photographs only, and not the analog or digital tapes. The photographs

are of excellent quality and havc a resolution of perhaps 3 ml near the

sub-point, including the entire Line Islands area (Fig. 35). The picture

ultimately to be derived from the tapes should have substantially supe-

rior qualities. The pictures with substantial distortion, occupying most

of the period 1-27 March, can only be returned to unoistorted presenta-

tion through digital methods. Unfortunately, only those for 1, 22 and

23 March have substantial digital tape coverage. On the other hand, the

Line Islands region is not badly distorted, and the pictures are still

of great value in qualitative analysis of cloud systems in the region of

greatest interest. The main drawback of these pictures is that accurate

..- gridding presents a more difficult problem.

The best procedure for gridding the ATS-l pictures is not yet clear.

Two sources for grid overlay information are the University of Wisconsin's

Space Science and Engineering Center, 601 E. Main Street, Madison, Wis- - -

coubin 53706 (Attention: Kirby J. Hanson or Verner E. Suomi), and the

University of Chicago's Satellite and Mesometeorology Research Project, - -

Department of Geophysical Sciences, Chicago, Illinois 60637 (Attention:

Tetsuya Fujita).

A comprehensive catalogue and users manual on the ATS-l system is

in preparation by Allied Research Corporation, under contract to NASA. o I

Pending its production, additional details on the ATS-l system or data

availability may be obtained from the University of Wisconsin. Limited -

requests for ATS-l pictures may he addressed to the University of Wis-

consin, to NCAR, or to tl,2 ATS-l Project Office, NASA, Goddard Space

Flight Center, Greenbelt, Maryland 20771.

L. SATELLITE.DATA: ESSA I

The polar-orbiting ESSA I satellite provided frequent coverage of

the Line Islands area. The pictures cover a relatively narrow area

(consequently, coverage is incomplete), but are of excellent resolution.

I
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The listing in Appendix D2 includes most, if not all, picture swaths

within about 100 of longitude of the Line Islands. For additional in-

formation or for the pictures themse2lves, refer to the appropriate ESSA

catalogue.

M. SATELLITE DATA: ESSA III

The polar--orblIng ESSA 111 satellite provided daily coverage of the

Line Islands area. The pictures from a given orbit overlap adjacent

orbits to provide complete aerial coverage and are of uniformly good

quality. The listing in Appendix D3 includes most, if not all, picture

- swaths within about 10' of longitude of the Line Islands. For additional

information or for the pictures, refer to the appropriate ESSA catalogue.

N. SATELLITE DATA: ESSA V

The ESSA V satellite was launched successfully on 20 April 1967.

The pictures are similar to those from ESSA 111. Detailed listings are

available in the appropriate ESSA catalogue.

0. SATELLITE DATA: ESSA IV AND NIMBUS I (APT SATELLITES) I
An Automatic Picture Transmission (APT) receiving station was estab-

lished on Palmyra. Usable pictures were provided nearly every day be-
tween 7 March and 21 April from both APT satellitcs. .For a survey of I

cloud conditions on a particular day, the ATS-l and ESSA III coverage is

mire comprehensive and more easily accessible than the APT pictures.

For those interested in details of small-time changes, especially on

days of less than complete ATS-l coverage, or for those who need a pic-

ture at the particular time of APT coverage, the APT pictures may be the I

only ones to fill the gap. APT data is stored on stereo recording tape

and on Polaroid prints (4 x 5 in.) at NCAR. Copies are available on a

limited basis, and requests should be as specific as possible. A list

of available APT pictures is presented in Appendix D4.

!
I
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P. SATELLITE DATA: RADIOMETRIC

None of the satellites orbiting during the Line Islands Experiment - -

had operative radiometers.

Q.GRAVITY MEASUREMENTS: PALMYRA AND CHRISTMAS

During the Line Islands Experiment, Alexander Malahoff of the

Hawaii Institute of Geophysics conducted a gravity survey on both

Palmyra and Christmas. Using a Lacoste & Romberg gravimeter, he

determined the Bouguer anomalies at several stations on both atolls.

His results for Palmyra (east and west ends of the airstrip), and two

locations on Christmas (Meteorological Office, London Village, and North-

east Point) are presented in Table 10. These measured values differ by

.------one unit in the first decimal place from those computed by the familiar ..

formula (List, 1958, p, 488) based on the International Ellipsoid of

Reference. This is not an insignificant difference for meteorological

purposes; indeed, the discrepancy, in the case of Palmyra, leads to a _____

difference of +0.2 mb in the gravity correct~on for surface atmospheric

pressure -- a value comparable to the sea-level correction at most of

the atolls in the Line Islands.

Table L0

-- -GRAVITY MEASUREMENTS AT CHRISTMAS AND OALMYRA

-2
Christmas Island (cm sec - )

London Village 978.2401

Northeast Point 978.2290

Palmyra (cm sec
- )

East and west ends 978.2542
of als _trip
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R. OTHER SYNOPTIC DATA

in addition to the above listed synoptic data collected in the Line

Islands, the Iaiversity of Hawali is collecting the routine observations

taken over the Pacitic (130E-8OW, 40N-40S) during the Line Islands Experi-

ment. These wil, include original copies of a!,'-raft reports, additional

data taken from the New Zealand Daily Weather Report, synoptic magnetic

tapes compiled from RTT intercepts al Fleet Weather Central, Pearl Harbor,

and surface and tipper air observations taken by EASTROPAC vessels in the I
eastern Pacific.

- .. ---- Further, a master (unanalyzed) synoptic series of charts (850, 700,

500, and 25u mb), including time and space cross section, aerological I-
diagrams, etc., will be prepared and made available in a variety of ways . _

(e.g., ozalid, microfilm, duplicate card decks),

Lastly, the EASTROPAC vessels conducted extensive cruises during I
February and March between 20N-20S, and 125W-90W; all vessels took mete- I

.. orological observations, including rawinsonde (tqCGS Rockcajy) and radio-||

sonde (,ordan and A).go). Details of the meteorological instrumentation j
will be discussed in a forthcoming report to be published by Texas A & M II
University (Department of Oceanography, College Station, Texas 77843).

The major ship tracks are pren;ented in Fig. 36.

S. SPECIAL 1'IUOTGRAMMETRIC STUDY: MAUI, HAWAIIAN ISLANDS

1. General

For the purpose of determining cloud motion and development from

ATS-l picture sequences, a ground-based camera network was established

under the direction of Tetsuya FuJita on Mt. Haleakala, Maui, where high

peaks on the islands of Maui and Hawaii would serve as gridding anchor

points and where an unobstructed view is possible over a very large area

from the 10,000-ft elevation vantage point.

2. _quj ment and Procedures

The camera netwurk established on Mt. Haleakala consisted of the

following: (a) Two 16-mm whole-shy time-lapse cameras taking pictires
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at 20-see intervals. Wind direction and speed, temperature, humidity,

and rainfall were also recorded in the photographs. (b) Two 35-mm cam-

eras equipped with 35-rm lenses mounted on a turntable manually rotated
450 after each exposure. A panoramic view was taken at 20-min Inltevals J

using slow-speed line-grain infrared film. (c) Two 16-mm wide-angle

time-]apse cameras placed on the highest unobstructed point available,

with one camera pointing toward the island of Hawaii and the other toward 4

the south of 0a1n, taking in Lanai and Molokai. The pictures were taken

at 15-sec intervals. An example of a panorami, view is shown in Fig. 37.

Two camera stations including one cameta system each of (a) and (b)

above were established about 2 mi apart.

.3. Dates of Operation

Whole-sky cameras: 13 March through 3 April 1967, except for sev-

etal days between 20 and 25 March when weather did not permi t operation-;.

35-mm panoramic infrared camera: 14 Narch through 3 April on days and.

times when weather permitted a schtdule which coincided with Al ,-I schId-

ule. 16-mm time-lapse camera: 14 March through 3 April on days when

weather permitted. (There were some bieakdowns during the pe.riod due to

mial.function of cable releases.),

4. Location of Data

For additional information, write to the Department ol Geophysical ..----

Sciences, University of Chicago, Chicago, Illinois 60637 (Attention:

Tetsuya Fujita).

T. ADDITIONAL F!GURES

Figu s 37-50 are included for general itt, rest.
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V. SURFACE DATA OABULATIONS

Thc hourly tabulations of most of tihe surface data parameters
obtained during the Line Islands Experiment are presented in this

section. They have been subjectcd to a preliminary screening, and

many of the more obvious errors have been removed. We have presented

the observations here because it is felt that they will be useful for

many purposes in their present form. -The" useri would be wet7 advised8

however, to C.rJ'Pdid; caut -o n acCepti;,7 these data un t-tfaZ n

several instances, we are quite certain that errors exist, and these

data are under review. Some specific examples of questionable data

.are mentioned below, but tuiek ueCP ' L3 t to cc ul,-ta-atc o??J-O 2'--

tion '1'1b0 one of the Oo-Cuitorn i Cp ctida, eoall.qtion is requied in

The wind directions are not to be trusted to better than 100 in

an ab oIutc sense, although relative changes of 100 are quite reliable.

The trouble might arise from external and/or internal misalignment of

the instruments, with the coarse scale divisions (30) a contributing

factor. Tt !Q h,,j, ,n, that the applicatinn of constant correction

increments to each instrument will improve matters considerably. We

are attempting to determine these corrections by comparing observed

wind directions from different sites on the same island and by comparing

all these with the wind directions derived from the rawinsonde observa-

tions in the first few tenths of a minute after release. Until this

work is completed, the user should not draw conclusions from comparing

surface wind directions measured at different sites or different islands,

although comparing ti-me cknZges of wind directions should be a sound

procedure.

The wind speeds can be read easily to the nearest 0.2 mph, and the

instruments themselves are believed to be accurate to within 1.5 per cent

in both an ahsolute and a relative sense. The major intrptctat ion problem

is the effect of the site. For the most part, this will be left to the

6,i
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user and to future research, but a few of the obvious influences are

noted below.

Palmyra. Barren Island is believed to be most representative of

ocean conditions. The Causeway site is excellent, but wind speeds there

are about 1 mph less than on Barren Island, and we believe that the

difference is real. The U.S. Army surface site has about an equal per-

centage occurrence of offshore and onshore flow. We are convinced that

- -most of the wind speed differences between the Army and Causeway sites

are directly related to the angle of flow relative to the angli of the

shoreline at the Army sitt (85-2650). Onshore flow greater than 300

results in wind speeds at the Army site being very close to those at the

Causeway site. Offshore flow of about 15-30', corresponding to greatest

• length of trajectory over land results in the greatest difference --

as much as 40 per cent lower than the Causeway site speeds.

Fanning. Robitaille's Beach site more closely approximates ocean

conditions, unless winds are north of east-northeast. The wind directions

at that site seem systematically high and are under review. The Army

surface site has an exccllent off-lagoon exposure fur all easterly

component winds, but the effect of obstruct-ions to the flow downwind has

not been determined.

Christmas. This is a large island, and no station on it is completely

representative of oceanic conditions. The Northeast Point site seems to

approximate oceanic conditions most of the time, excepting days with

light winds. We do not understand the lower speeds measured at South-

east Point. The London site is very well-exposed, but is influenced

strongly by the land and shallow lagoon areas upwind. New Camp is suffi.-

ciently screened by upwind vegetation that it exhibits a continertal

typo diurnal distribution of wind speed.

All moisture parameterr have been derived from wet and dry bulb

temperature measurements. On the USC&GSS Surveyor these were made with

an Assmann psychrometer, with care taken to minimize ship influences.

On all 'slands, the shelter and instrumentation were standard (see Section

III), ;'id the user should keep the deficiencies of this procedure in
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mind. All the sites (see Section 1Il) were exposed to direct onshore

flow, whether from the ocean (Christmas), a deep lagoon (Palmyra), or a

shallow lagoon (Fanning). As already noted, the Palmyra site does not

experience onshore flow tot wind diructions ol 85' or less.

The reader is advised to refer to the section on prebsure measure-

ments in Section III before using the surface pressure data.

44
There is no reason to suspect any of the rainfall data of substan-

Lial errors, as sites and instruments were good, and wind speeds were

allays modtrate. Nevertheless, the user wili observe that there are
J

differences between rainfall amounts measured at different sites on

Palmyra and between the Dines and MRI instruments at the same site. We

prefer not to attempt to explain thest differences at this time. Y. .- -_

I: . ..2
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Fig. 3 Near-vertical aerial view of developed portion
of Palmyra, taken from an altitude of 10,000 ft.
The runway dimensions are 300 by 6,000 ft. It
was cleared of heavy shrubbery in mid-February,
1967. The various observing facilities are
located by number: (1-14) locations of rain
gauges 1-14; (15) radar and photo tower; (16)
second Bolex time-lapse camera, aimed toward
west-southwest; (17) second Kolleiflex camera,
forming stereo pair with camera on radar tower;

(18) radiometer site; (19) U.S. Air Force Gf)
site; (20) U.S. Army surface site; (21) APT
receiving site; (22) atmospheric electricity
measurements site; (23) causeway site.
(Photo by Bob Kendall)
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Fig. 16 U.S. Army surface observing site, Huachuca Point,Fanning Island. Pier was true east-west. Coco-
nut tree is 30 ft (one and one-half times its
height) south-southwest of wind set. (NCAR photo)
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Fig. 34 Map showing tracks flown by military weather recon-
naissance aircraft during the Line Islands program.
The WV-3 aircraft is from the U.S. Navy ANW-1 Recon-
naissance Squadron. It flew to Fanning Island at

an altitude of 1,000 ft, then climbed to 10,000 ft
for the remainder cf the track. The B-47 aircraft
were from the U.S. Air Force 57th Weather Recon-
naissance Squadron. Most of their tracks were
flown at 300 mb (30,000 ft).

k



2331

NIL

NI 0

o ,-

II

L0 WE

CQ
cu (rf
u c

tt- c



234

I~~c r I- - *

ou torK '0 a.j i
N ~~a CL__ n - -- *- -

_ _ _ _ . ~ En

__ 0

Lo C:X

; 1--r--T-- -- I 0
_______ ~-~ --- I---~---CC

~ - I

.4 7 ~(-



235

.It

w NW

Fig. 37 Example of infrared pictures taken from the summit
of Haleakela, Maui, elevation 10,000 ft, pieced
togetner to form a 360' panorama. The observatory
dome is west of the camera. lo the northwest, Maui
narrows to a 6-mi isthmus, behind which are the West
Maui Mountains, and in the distance, the islands
of Ldnai and Molokai. (Photo courtesy Tetsuya
Fujita and Dorothy Bradbury)
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Fig. 38 Aerial view of English Harbour area of Fanning
Island from 10,000 ft. North is toward the top.Plantation housing and drying sheds are just
south of the channel. Cartwright Point andAhenca Point extend eastward into the lagoon
just north of the channel. Currents in thechannel (note standing waves) somctimes exceed
7 kt and are an ever-present threat to safety.Most of the supplies were unloaded near Cart-wright Point and taken by truck via 6th Weather
Turnpike to the Cable Station some 5 mi to the
north. (Photo by Bob Kendall)
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Fig. 39 Aerial view of southiern approach to Cable Station, Fanning
Island, taken from 10,000 ft, north toward the top. The

Cable Station grounds extend across the island from ocean
to lagoon. The black coral field used for rawinsonde re-
leasca is visible at the extreme top, just north of the

Cable Station. iluachuca Point is the s~econd point from
the top, at the southeast extremity of the Cable StationI
grounds. This picture includes the area proposed for an
airstrip, now crossed by the bth WC;±tiIL- Turnpike. NoteI
the refracte-d waves along the west coast. (Photo by
Bob Kendall)
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NORTH t600t 1200t Sol
Fig. 48 Example of routine panoramic cloud photography accomplished during

tower on Fanning on 19 April, at 1900, 1920 and 1930 GMT, top to b(
The "birdhouse" shelters the Bolex cine camera. With relatively ml
taken every daylight hour of every day from Palmyra, Fanning, Chrij.



SOUTH t24040 3004t
accomplished during the Line Islands Experiment. This view is from the photo

dl 1930 GMT, top to bottom, or I hr prior to the ATS-1 photograph of Fig. 35.
*. With relatively minor exceptions (see Section IV), stoi-lar panoramas wore
imyra, Fanning, Christmas nd the VSC&C5S5 Suzrveyov. (HOAR phnto)
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SUMMl'ARIES OF UPPER AIR SOUNDINGS

1. Palmyra Rawinsonde Summary ................ 253

2. Fanning Island Rawinsonde Summary............256

3. Christmas Island Rawinsonde Summary...........259

4. Summary of Upper Air Observations: USC&GSS Surveyor
14 February to 30 March 1967 ............... 262

5. Summnary of Upper Air Observations: Weather Ship 11,
- - .13 March to 28 April.....................67
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Appundix Al

PALMYRA RAWINSONDE S UMARY

Asc No. Date Release Tiile Asc. No. Datc Rel.astc Time

25 Feb. 0035 GMT 48 8 Mar. 1728 G
2 25 1258 49 8 2040
3 26 00)7 50 8 2315

4 26 1200 51 9 0217 I
.5 27 0001 52 9 0600 A

27 1200 53 9 0855 -
7 28 0000 54 9 1125

8 28 0714 55 9 1814
9 28 1147 56 10 0000

10 28 1815 57 10 0600
58 10 1135

II 1 Midr. 0148 59 10 1500
12 1 0550 60 10 1750
13 ! 1300 61 10 2023 - ___

14 1 1750 62 10 2335
15 1 z315 b3 11 0325 - -

16 2 0520 64 11 0555
17 2 1115 65 11 0835
18 2 1750 66 11 1115
-19 3 0000 67 11 1810
20 3 0530 68 12 0000
21 3 1130 69 12 0312
22 3 1500 70 12 0535
23 3 1800 71 12 1155
24 3 2043 72 12 1810
25 3 2332 73 12 2351
26 4 0300 74 13 0555
27 4 0515 75 16 0255
28 4 099 0 76 16 0535
29 4 1130 77 16 1130
30 4 1800 78 16 1445
31 4 2335 79 17 0900
32 5 0535 80 17 1213
33 5 1150 81 17 1807
34 5 1835 82 18 0000
35 6 0012 83 18 0553
36 6 0605 84 18 1229

3 .4
37 6 1115 85 18 1450
38 6 1500 86 18 1820

39 6 1800 87 18 2023
40 6 2150 88 18 2315
41 6 2340 89 19 03!0

42 7 0350 90 19 0600
43 7 0542 91 19 0904
44 7 0850 92 19 1145
41 7 1115 93 19 1805
46 8 1135 94 20 2320
47 8 1528 95 20 0625
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F

Asc. N a u kt Rel,_as. Tin A.,c N. Dait k Reledse im'

90 20 Mar. 1115 GMT 143 29 Mar. 2046 GMT
97 20 1441 144 30 0320
98 20 1755 145 30 001
99 20 2100 146 30 910

100 20 2325 147 30 1200
10, 21 0235 148 30 1831
10? 21 0600 149 31 0008
103 21 0855 150 31 2331
104 21 1210
105 21 1805 151 1 Apr. 0655 " -

1022 0350 152 1 1145
107 22 0700 152* 1 1500
108 22 1200 153 1 1800

-109 22 1529 154 1 2050

110 22 1750 155 1 2353
111 22 2040 15o 2 0250
112 23 0150 157 2 (o05 -

. .... .. . . . .. . l)3 23 0830 158 2 0905. . . ... ..-114 23 1115 159 2 11.23 -

115 23 1445 160 2 1917
116 23 1830 160-A 2 2356
117 23 2050 161 3 0010
118 23 2358 It2 3 1150
-119 24 0307 163 3 1450

120 24 0045 164 3 1810
121 24 0915 165 3 2100
122 24 1155 166 3 2353 --

123 24 1847 167 4 0312
124 25 0045 168 4 0617

125 25 0000 169 4 0905
120 25 1125 170 4 1115
121 25 1818 171 5 1900
128 25 2337 172 I 2332
129 26 0020 173 , 0553
130 26 1115 174 6 1115
131 26 2350 175 6 1511
132 27 0552 176 6 1856
133 27 1150 177 b 2050
134 28 0135 178 6 2349
135 28 0608 179 7 0416
136 28 1323 180 7 0659
137 28 1 1908 181 7 0915
138 28 2347 182 7 1138
139 29 (600 183 7 1814
140 29 1121 184 8 0051
141 29 1438 185 8 0545
142 29 3.808 186 8 1138

152 entered twice on original forms.
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255

Ac. No . l) t ' R c Ics c Tim e As . No. ,it v R c a 4, cJ,

187 8 Apr. 1714 G Kr 231 18 Apr. 1755 ;M.1

188 8 1920 232 18 3 3
169 8 2240 233 1( 1557
190 9 0316 234 19 121u
191 9 0522 235 19 1704 -
192 9 1115 236 19 1937
193 9 1810 237 19 2328
194 9 2326 238 20 0200
195 10 0555 239 20 0705

--190 10 1123 240 20 1143
197 10 1740 241 20 1740
198 10 1932 242 20 2324
199 10 2232 243 21 0(12

-200 11 0123 244 21 1142
201 11 0558 245 21 1728
202 11 1142 24o 21 19 0"
203 11 1838 247 21 2 2231

....204 11 2321 ...........-... .. _

205 12 0600
200 12 113"-
207 12 1804
208 13 1150
209 13 1713

-210 13 193-5 ..

211 13 2233
212 14 0125
213 14 0543
214 14 1115
215 14 1814
216 14 2344
217 15 0607
218 15 1147
219 15 1717

20 15 1915 -

221 15 2240
222 16 0115
223 16 0554
224 16 1148
225 17 1736
226 17 1921
227 17 2304
228 18 0137
229 18 0543
230 18 1147
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Appendix A2

:ANNING ISLAND HAWINSONI)E SUMMARY

A,,. No. Dat Rt'luaSL' TiqlC Asc. No. DatL Rcleaoc Time

1 2 Mar, 1220 GMT 45 11 Mar. 2353 CMl"
2 3 0700 46 12 0235
3 3 1235 47 12 0600
4 3 1510 48 12 1150
5 3 1800 49 ;2 1800
6 3 2100 50 12 2345
7 4 0100 51 13 0600

4 /A ol5 52 13 1242

9 4 0600 53 13 1745
10 4 0645 54 14 0010

11 4 1145 55 14 0250
-12 4 1805 56 14 0610
13 4 2345 57 14 1155
14 5 0815 58 14 1745

15 Missing 58 14 1 A()
.. ..- .. . ...-- 16 5 1215 59 14 2]30

17 5 1855 60 15 0000

18 6 0000 61 15 0300
19 6 06]0 62 15 0556
20 6 1200 63 15 0851
21 6 1825 64 15 1121
22 7 0000 65 15 1750
23 7 2110 66 16 0000 I
24 7 0300 67 16 0550
25 7 0850 68 16 1240
26 7 1200 69 16 1500 1
26A 7 1430 70 16 1755
27 8 0005 71 16 2045
28 8 Of58 72 16 2345
.29 8 103 73 i17 0240
30 8 1840 7I74 17 053A
31 9 0249 75 17 0825
32 9 0605 76 17 1119
33 9 0930 77 17 1745
34 9 1240 78 18 0000
35 10 1200 79 18 0728
36 10 1441 80 18 1308
37 10 1800 81 18 1644
38 10 1745 82 18 1835
39 10 2345 83 18 2100
40 11 0300 84 19 0000

41 11 0600 85 19 0240
42 ii 0900 86 i9 0605.-
43 11 1137 87 19 0905

44 11 1925 88 :9 1115 a
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Asc. No. Date Release Tinet Asc. No. DatV ReleasL l(mv

89 19 Mar. 1800 GMT 133 27 Mar. 1754 GI'-

90 20 0007 134 27 2348
91 20 0545 135 28 o00
92 . 1138 136 28 1145
93 20 1530 137 23 1826
94 20 1900 138 28 2350
95 20 2055 139 29 (550
96 20 2330 14, 29 1215
97 21 0245 141 29 1500

21 0601 142 29 1810
99 21 0920 143 29 2040
lO0 21 1201 144 29 235b:
101 21 1743 145 30 0314
102 21 2338 146 3u 0630
103 22 0555 147 30 0845
104 22 1145 148 30 1212
105 22 1500 149 30 1745

106 22 1812 150 31 0004
..107 22 2040 151 31 0555

108 23 0000
109 23 0300 152 1 Apr. 1321
110 23 0550 153 1 1637
1!1 23 0o 154 1 1835
l12 23 1200 155 1 2055
113 23 1455 156 1 2320
114 23 1751 157 ? 0230
115 23 2030 158 2 052Q
116 24 1020 159 2 0F29
117 24 0255 160 2 112b
118 24 0600 161 2 1730
119 24 1215 162 2 1220

120 24 1802 1b3 3 0542
121 25 0100 164 3 1214 ...-- l

122 25 061 16 3 15)

123 25 1239 166 3 1745
124 25 1520 167 3 2025
125 25 1815 i68 3 2350

126 25 2135 169 4 0243
127 25 2334 170 4 0540
128 26 0704 171 4 0909
129 26 0950 172 4 1140
130 27 015.3 173 4 1145
131 27 0600 174 4 2330
132 27 1155 175 5 0630
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Asc. No. Date Releasec ic Asp. No. t Rvlasu lime
17o 5 Apr. 1115 GF 2 ILl 14 Apr.1 0145 G -T

177 5 1800 221 14 0513
l78 5 2325 "12 4 1147
1 79 o i0 22 ] 14 1756
180 6 1213 22 15 001'.
181 6 1514 225 15 0555
182 6 1804 226 15 1256
183 6 2130 227 15 1727
I64 6 2325 228 i5 2036
i8i 7 0225 229 15 2304
186 7 0620 230 16 0214
187 7 0955 231 16 0525
188 7 1205 232 16 1155
189 7 1804 233 16 1900
190 7 2325 234 16 2327
191 8 0C04 235 17 0602
192 8 1315 236 17 1239
193 8 1700 237 17 1715
194 8 2004 238 17 1945

-----195 8 2315 239 17 2300
196 9 0130 240 18 0144
197 9 05D8 241 18 0500
198 9 1200 242 18 1159
199 9 1734 243 18 18i0
200 9 2332 244 18 2357
201 10 0614 245 19 0556
202 I0 0630 246 19 1239
203 10 1745 247 19 1730
204 10 1956 248 19 1950
205 10 2305 249 19 2330
206 11 0207 250 20 0200
207 11 0612 251 20 0527
208 11 1137 252 20 1216
209 11 1738 254 20 1802
210 2utO 254 20 2355
211 1 2238 255 21 0515
212 12 0150 256 21 1312
213 12 0504 257 21 1725
214 13 0008 258 21 1955
215 13 0600 259 21 2325
216 13 1240 .

217 13 1757
218 11 1950
219 13 2310

h -- --____--
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App,.ndix A I

'I R~bl IS1,AND KAWIN'ONDI. SuI1tD3IARY

Asu. ,-. Dat1c j t" Iiit Asc. No. llc Rclc k-o. Iim

1 5 Mar 0) 05 ;mI 40 1- Mar. 20130 GM-
5 210 47 15 0000

3 5 1830 48 1 0315-
4 0 49 15 0530
5) 0 1241) 50 15 Olx! ,

6 0 1805 51 15 1205
7 7 0000 525 i M0o
8 7 0O55 53 1 0005
9 7 0935 50 1o 055-

171 71
11 7 2015 Su 1 1532 - -

_. .
S()125 57 lo 1831
1 3 8 0710) 58 b I , 2030
14 ki 12 1 o 59 ] ? O01 I ..

. . 5 8 1525 0 17 0300 . .
16 8 1800 8? 17 0547-
17 8 21276 1 1145
1S 9 oO5 63 3 7 1 750
19 9 030) I" ],m Oouo
20 9 0623 6 1 0531
21 9 0925 66 1 m 1255 - - _

22 9 1165 07 18 1740
23 9 1600 68 1 235
24 10 0000 69 19 2343
25 10 OU2 70 1) 0255

20 10 1135 71 1 ( 3805
27 10 1450 72 19 0900
28 10 1732 73 1q 1220
2 10 2055 74 19 17&'.

30 11 0010 75 14 2350
3] 11 0304 76 -20 obol ._.

32 1 !1 0600 77 20
31 ] 0835 78 20 15o0
34 11 1200 79 20 1730
351 0020 81 20 201036 12 200 81 20 235({

37 12 1840 82 21 031)0
38 13 1800 83 21 (3630

39 1 0030 84 21 0910

40 14 0315 85 21 1424
41 14 0020 8f 21 1800
42 14 084 5 87 22 0020
43 14 1225 88 22 0615
44 14 1500 E9 22 1250

45 14 1730 90 22 1515



2 O0

Abc. No. bate Releas 1finow Asc. No. Date Rja jj jT1,.'

91 22 Mar. 800 CMf 130 30 1aL. 1755 GMT92 22 2120 131 31 000293 23 0030 132 31 0655

900 23 203 133 31 120095 23 0600 i34 31 11449 23 0900

S2 3 145 135 2 Apr. 000198 23 1500 136 2 060099 23 1745 137 1 12o

10 8 2512 514 1 241

0 2 2039 138 1 1505
101 24 0007 139 1 15

2 2340 1 2035103 24 0900 141 122

1101 2723 1 ]31 44

114 24 1200 142 2 0300105 24 1750 143 205-106 25 0001 14 0350

107 25 0010 145 2 1206108 25 1205 146 2 1841109 25 1736 147 2 1346120 25 2140 148 3 605121 27 0010 149 3 1229112 27 0635 150 3 1445123 27 10 151 3 1744114 27 2006 152 3 203411% 27 1200 D15J 4 0015
1... 6 28 0545 354 4 0310 . ..!117 28 1155 155 4 0730,,118 28

1 1212 1500 163 4 1146 |

. 129 29 1750 16% 6 00051271 30 0000 165 6 ,0540
128 30 0600 161 6 1223129 30 1220 167 6 1500

zI
2p

=I

29 175 164
127 0 000 0

128_ _ _ 30_ 0600 165_60540j



- -_

Anc. No. Date Rlcatc: TiLue ABL. No. Datu Ru'l-aer Ti.iUL

l]b5 6 Apr. 1800 GM1r 207 14 Api. 1211 G1

169 6 2030 208 14 1530
170 7 0025 209 14 1800

171 7 0303 210 15 2350

17? 7 0555 211 15 o60
173 7 0835 212 15 1155

174 7 1211 213 15 1700

175 7 1500 214 15 1q35

176 7 1800 215 15 2308

177 7 2335 216 16 0203
178 8 0544 127 16 0500

179 8 1217 128 16 1216 -

180 8 1650 219 16 1800
181 8 1930 220 16 2345 j
182 8 2346 221 17 05-45
183 9 0210 222 17 1345
184 9 0725 223 17 1645
185 9 1200 224 17 1940
186 10 0540 225 17 2236

- -187 10 1151 226 18 0131 .. -__

188 10 1643 227 iS 0501

189 10 1933 228 18 1207

190 10 2250 229 18 1805
191 11 0142 230 18 2340
192 11 0500 231 19 0545
-193 11 1133 232 19 1149

194 11 1732 233 19 1700

195 11 2345 234 19 2009
196 12 0532 235 19 2246 I
197 1? 1205 236 20 0140

198 12 1742 237 20 0505

i99 13 0008 238 20 1215
200 13 0535 239 20 1745

201 13 1154 240 20 2340

202 13 1714 241 21 0556

203 13 2034 242 21 121o
204 13 2235 243 21 1700
205 14 0140 244 21 2000

206 14 0512 245 21 2237
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I

APPENDIX B |

NCAR RESEARCH AVIATION FACILITY FLIGHTS I
1. Summary of NCAR Research Aviation Facility Flights: i

Line Islands Experiment ...... ................ . 271

-2. Summary of Research Instrumentation Operating During
each NCAR Research Aviation Facility Line Islands
Flight ......... ........................ . 275

3. Instrumentation on NCAR Research Aviation Facility
Queen Air 304D: Line Islands Experiment ....... 279
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Appendix 113

1NSTRUMIENTATION ON NCAR RESEARCH AVIATIGN FACILITY QUEEN AIR 3O'fD:
LINE ISLANDS EXPERIMENT

Equipment Paramt ter

1. Digital clock Time relerence

2. Reverse flow temperature probe Air temperature

3. NRL axial flow probe Air temperature

4. Wet bulb probe Wet bulb tcmperature
I..

.5. Bendix hygrometer Jkcw point temperature

6. Pace PIA Absolute pressure

7. Pace KP-15 Indicated airspeed

8. Johnson-Williams hot wire Cloud liquid water content

9. Prototype spinning bowl Cloud liquid water content

10. N-I compass Magnetic heading
Flight level wind

11. APN-153V doppler navigator Drift, ground speed

Flight level wind

12. Giannini III-B 16-mm camera Cloud photography

13. Barnes IT-3 infrared rhormom- Sea surface temperature
eter (University of Wisconsin)

14. Air sampling equipment Aerosols

15. Aircraft Research Instrumen- Hybrid data acquisition system
tation System
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APPEND)IX C

-- ------- SUMMARY OF WOODS HOLE OCEANOGRAPHIC INSTITUTION FLIGHTS
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-Information for use with Appendix C

All times for the 12 Woode Hole Oceanographic Institution
(WHOI0) flights are in GCK.

-M5w has been used to indicate manual switching of both
-range and thermistors. The period of switching is
irregular and may be as long as 2 or 3 mini.

All winds are in knots.

_I

4 k
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Appendix C

101 Flight No. 1 11-12 April 1967

Honolulu - Fannlug Island - Christmas Island

Takeoff 1717 GMT Landing 0157 GMT

1. Low Level North-South Cross SPtiurk of Converg'nce Zone

2. Flight Path and Navigational Winds

Time Latitude Longitude Altitude ift) Winds A.

1901 ]635N 15804W Boo 017/16

2000 1359N 15828W 800 010/-10

2130 102N 15846W 010/05

2230 0730N ]5857W

2330 0435N 15913W 010/08

0013 Comparison -quate flowr, with Queen Air NE of Fanning Island

0102 03OON 15,325W 11,200

0140 020GN 15822W 11,200

3, Observations Taken

On Off Exceptions

Psychrograph 1745 0157 MSw 0050 - 0120

dry only 0146 - 0153

Dew point hygrometer 0052 0157 none

Shortwave radiometer 1726 0157 nont

Bolex cloud pictuxes 1717 0157 none

K-lo0 ctoud picLUleb 1717 0157 none

Radar pictures 1737 0154 none

Infrared radiomettrs IT-3, P.8, and NIMBUS

-Dust counter - operated

Dropsondes

Turbulence runs Number Altitude (ft) Start Stop

4764 800 1827 1829

- - 4765 800 1923 1925

4766 800 2042 2044

4767 980 2203 2206

4768 960 2304 2306

4769 970 2345 0006

4770 960 0016 0018

4771 960 0020 0022

4772 920 0024 0026

4773 920 0029 0031
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WHOI Flight No. 2 13-14 April 1967

Christmas Island - 2Z 157W - 2S 159W - 2N 159W - Christmas Island - 2S 157W -

Christmas Island

Taki-ojf 1739 GI'" Landing 0150 GM'F

1. Low Level R-.tangle across Equator and High Level Section

2- Flight Path and Navigational Winds

Time Latitude LongLtude Altitude (ft) Winds

.1910 0200S 15730W 800 090/20
1957 0200S 15920W 800 08o0/18
2131 0200N 15925W 800 110/12
2237 Christmas Island climb to 14,000- --
2355 0200S --15730W 14,000

3. Observations Taken

On Off Exceptions

_ .. Rsychrograph 1746 0146 2119 - 2124
14w 2155 - 2205

dry only 0114 - 0122

Dew point hygrometer 2247 0123 none

Shortwave radiometer 1751 0148 none ----- -

bolex cloud pictures 1739 0150 none

K-100 cloud pictures 1739 0150 none

Radar pictures 1752 O16 2312 - 2348

Infrared radiometer IT-3, R8, and NIMBUS

Dust counter operated

peosondes Time Latitude Longiti.de Altide e (fi. Exceptions

2312 002N 157121d 14.110 -one

2355 0200S 15721W 14,105 none
0036 0000 1573W 14,100 none
0105 0119N 15737W 14,095 vone

Turbulence runs ----Number Altitude (ft) Start Sto"

4775 800 1906 1911
4776 800 1921 1923

-4777 Soo 1943 1949
4778 800 2003 2011

4779 800 2038 2044
4780 800 2105 2109
4781 800 2139 2145
4786 14,000 2323 2330

4787 -14,000 2339 2345

1~
• •. .I

Ir



285

WHOL Fiighr .40. 3 15-16 April 1967

Christmas Island - IN 159W -Fanning Island - Honolulu

Takeoff 1130 GH1 Landing 0105 Qff

1. High Level South to North Section of Convergence Zone

2. Flight Path and Navigational Winds

Time Latitude Longtude Altitude~ftj_ Winds

-1822 012ON 15920W 10,000 -_4
1917 Fanning Island 11,000 11U/35 -------

2030 0722N 15920W 12,000 090/16 -A
2200 1200tN 15900W 12,000 120/ 22
2300 1505N 1585OW 12,000 _ 270/20
0000 1818N 15822W 12,000 240/20 ____

3. Observations Taken

---- On Off 1-xceptiqns

Psychrograph 1736 0100 MSw 1754 -192

Dew point hygrometer 1819 0100 2116 - 2126

2150 - 2155
2200 - 2210

Shortwave radiometer 1738 01l1 185b - 2043 ---. -__

Bolex cloud pictures .1730 0105 none

K4-100 cloud pictures 1730 0100 1919 - 2U36

Radar pictures 1752 0035 .,one

Infrared radiometer 11-3, R8, anid NI46US

D)ust counter operat%?d

-Dropsondes Time Latitude Longitude Altitude(f) xctin

1836 020UN I13925W 10 ,000 none
1916 0350N 15925W 10,400 none.-
2002 060ON 15918W 12,110 below 982 mb
2044 0757N4 15920W 12,110 none
2120 10001N 15920W 12,050 none
2202 1201N 15920W 12,060 below 869 ib - --
2219 13001N 15901W 12,050 none

Turbulence runs Number Altitude (ft) Start Stop

4788 1',000 1813 1819
4789 -.2,100 1954 2005
4790 12,000 2046 2053

471 12,100 2157 2201
4792 12,000 2334 2341



28b

WHOI Flight No. 4 11-18 April 1967

Honolulu - Ialmyra idlMd - Canton Island

lakeolf 1722 GMI Landing 043j GMT

1. Low Level Section North to South through Convergence Zone

2. Flight Path and Navigational Winds

Time Latitude Lonitude Altitude (ft) Winds

1834 1809N 15836W 800 010/08
1920 lbO7N 15947W 800 040/08

.-.....020 1343N 16113W 800 065/09
2145 IOON 16202W 800 ObU/06
2314 Palmyra Island - flight with Queen Air 090/07
U048 0408N 16312W 800 140/10

-- 0140 005oN 16415W 800 140/09
0300 0050S 1b725W 80) 140/09
0341 0142S 16920W 800 150/l0

-3. Observations Taken

On Off Lxcejjtions

Psychrograph 1736 042b

Dew point hygrometer 1728 0426 2240 - 2250
0130 - 0137

Shortwave radiometer 1730 0426 none

Bolex cloud pictures 1722 0424 none

K-IO0 cloud pictures 1748 0430 none -
kadar pictures 1831 0317 none

Infrared radiometers IT-3, R8, and NItUS

liropsondes none .

-- I-:urbulence runs --umber Altitude (ft) Start t --

-4794 800 1849 1853
4795 800 1935 1937
4796 800 2030 2033

.. .. .4797 800 2108 2113
_ _ - - -. . . .-- _ - - ......... -. 798 " 800 -2137 2145

4799 800 2234 2237
4800 800 2344 2348
4801 H800 0032 0036
-.. .- 4802 Soo 0204 0208
4803 800 0317 0320
4804 800 0332 0334



WhUl Flight No. 5 19-20 April 196Y

Canton Island - 5N 1(0W -I -lmyra Island - 3N lt2W- C i-Lon Island '

Takeoff 1811 Gff Landing 0415 GM

I. Sections through Convergence Zone in Region of Line Islands

2. Flight Path and Navigational Winds

lisic Latitude Lo_.ng d~e Altitude (ft Winds ] "

1900 OlU~s 17026W 8O0 130/18 =.... . U112N 1685lg 3W Soo 090/20 ... ....
2050 022UN 1652W 800 090/18 :2140 0346N 16626W 800 (375/1b '
22 00 0417N 15549i; S art limb, -7 to 12,00
2227 0504N 16504W 12'0002340 Palmyra Island 12,000 o90/n Island

0037 031UN 16148W 12,000 09007=
-- 0120 02ON 16347W 12,00u 12U/04 ..Ta f0250 1 0017S -16755W 1 2,0 150/06

3. Observathon d Taken

Dew point hygrometer 183L 0411 2046 - 20550214 - 0226
Shortwave radiometer 18 8 u 411 none Winds

Dolex cloud pictures 1814 0415 none"
X-100 cloud p1cuzes 114 0415 none 3/
-20d12 ptures 8020 0404 none-

.... . .. _Infrared radiometers 11i-3, RU. and NIMBUS . .... . _

Oro-eondes T iwe !At t uek L ongtd Alit/ude (ft "e z . ..
S2300 051N 16345W 12,050 none

22345 0530N 80202W 12,025 one.2.0037 301 16149W S 2,045 one
2229 0048N 0554W 12,200 one
0315 0059S 16904W 12,210 nne

-. Turbulence runs --Number Altitude (ft Starta-OR

4805 0o0 1842 1847

4BU6 Soo 1949 1953
4807 800 2105 2113
48e Soo 2130 21354-9 200 2148 2154 2
0810 12,000 2215 200 01

i sil 12,000 O001 0006 -4812 2000 0007 0016 -10

S813 r2di0e 015 0140
4814 12,5 0335 0342
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WHOL Flight No. 6 21-22 April 1967

Canton Island - Pjlinyra Island - 11onolulu

Takeoff 1802 GMT Landing 0420 GHT

1. High Level Section through Convergence Zone -

2. Flight Path and Navigationil Winds U

Ti Latitude Longitude Altitude (ft Winds

1910 0038S 16923W 2,000 132/15
2020 0120N 16723W 2,000 -090/15
2045 0200N 16642W Start climb

to 12,000

2140 0328N 16504W 12,000 068/18
2300 Palmyra Island .12,000 160/12 --

_ . 0020 0943N 16107W 12,000 106/12
0130 1310N 16007W 12,000 134/14
0230 lbOON 15900W 12,000 170/14

. Observations Taken . - ---.-.--.
. On Off Except ions

Psychrograph 1806 0415 none

Dew point hygrometer 1850 0415 024 - 02I,2

... .------Shortwave radiometer 1809 0411 none

Bolex cloud pictures 1805 0140 2150 - 2340

X-100 cloud pictures 1803 0410 none I
Radar pictures 1806 0211 none

Infrared Radiometers IT-3, R8, and NIMBUS

Dropsondes Time Latitude longitude Altitude (fti xceotuona

- 2205 0402N 16429W 12,055 none I
2350 o820 1613ow 12,010 none

Turbulence runs Number Altitude(ft) Start !tok
_A818 2,020 -2007 2019
4819 2,020 2028 2033.- --4B20 12,100 -2134 2138
4821 12,100 2244 2251
4822 12,080 .0026 0031
4823 12,080 . 0128 --0133

""4825 10,000 0313 0318

?-
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W1OI Flight No. 7 1-2 May 1907

Honolulu - 15N 159W- 14N 162W - Palmytva lhIaTd Canton Island

Takeolf 1705 GMT Landing 03}20 GMT

1. Low Level Downwind Run in Trades and North-South Section through
Convergence Zone

2, Flight Path and Navigati~onal Windu

Time Latitude LonKitude Altitude JEJ Winds

-18U0 185u 1)821W SUL) 8o/l ..
1V23 I UON 159u3W SUL0 075/22
2021 1357N 16159W 800 07b/24
2U30 DO4N 101b5W 800 Ob8/22 -A

c23 Palmyra island 800 070210000 04t0UN It,359W 800 054/18 "

o140 oZ4N ra7W 800 0U122 _ ..
U240 0145 I 17917 055/18

..... _ .Observations Taken

on Of f Exceptions --:£

P~ychrograph 171U 0320 none

Dew point hygrometer 181t, 0319 none 2

.... Shrta radiometer 172() 0125 Failure at 0125 - -2
Bolcx cloud pictures iY17 031t, 2112 - 2218

K-100 cloua pictures 1720 0316 none -------
Radar pictures 173o 0314 none

Infrared radiometers !T-3, and R

Dropsondes none
- Turbu en.e runs ---Number Altitude (!)_ Start Stp " -

-4827 800 1730 1733 . - --
4828 bo 1818 1824
4829 800 1908 1913
4830 800 1930 1939
4831 800 1958 200
4832 800 2039 2045
4833 SO 2052 2103
4834 SOL 2151 2156
.4835 SOL 2256 2302
4836 800 2330 2340
4837 800 0254 022
4838 800 0211 012
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WHOI li, hr. No. 8 3-4 ttiy 1967

C,1n1011 llIand - 7N l(,(W a S o I - 5N 170 W - ReLurn 12, 000 t

'i kkoll 800) ;I. Landing o315 GI.i

i. Low and High Level Sections across Dry Zone and along Axis ot
Convergence Zone

2. Flight Path And Navigational Winds

T ime Latitude L t d lt tude eeee ) W nd _

1920 0038N 17107w 800 078/212102 OON 17000W 80u 080/112104 
100 100/182210 0625, 16658W 800 117/212227 
100 115/202309 0614N 16656W 12,000 075/28 

-O0U17 0457N 17029W 12,OU 090/200120 0216N 17117W 12,000 100/200220 O018N 17151W 12,000 115/200239 Start descent to Canton lsland - ._-

3. Observations Taken

On Off Excekions

Psychrograph 1801 0313 Mew and frozen wick
0137 - 0300

Dew point hygrometer 1809 0312 none
Shortwave radiometer 1843 0312 none
bolex cloud pictures 1802 0315 1937 - 2031
K-lO0 cloud pictures 1802 0315 none
Radar pictureb 1810 0304 2012 - 2200

-I nfrared radiometers IT-3 and 8-
Dropsonaes Time Latitude Lnlttudeiude . Lu& f

2308 0161N 16647W 12,160 none2345 0540N 16831W 12.200 none0030 0423N 17018W 12,200 none0115 022ON 17043W 12,240 none0200 0024N 17144W 12,450 none0235 0125S 17148W 12,600 none
Turbulence runs Number Altitude (ft) Start Sto

4839 1,000 1821 1828
4840 960 1911 19174841 1,000 2015 2019
4842 1,000 2033 20454843 200 2100 21094844 2U0 - 940 2138 2242
4845 12,200 2332 2338 

-4646 12,200 0015 00194847 12,200 0025 0044
4848 12,200 0045 0052
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WItOl Flighit Nu. 9 5-t May 1967

lakvol 1 75d G111' Landing 0240 GM I

?oI t i)--SooTh St,' t Ion t hrough I 1: Caton l1jjnd - ION 1 2W at 2,000. t -

Rgetuz i at 12,000 It

2. Flight Path and Navigational Winds

Timt2 Latitude Longitude Altitude (ft) Winda

184u o04s8 17151W 2,000 104/24
2000 0300N 17214W 2,000 095/22
2130 o74JN 17208W 2,000 130/21
2158 0900N 17207W 100 1I5/15

2220 1000N 17202W Clinb and
turn south

2255 0827N 1715uW 2,000 085/10 ... ... ... __

235u 0703N 17153w 2,0ou 080/12
0120 Ol4uN 17156W 2,000 078/21
0200 0049S 17148W 2,000 090/19

.02O0 Start descent to canton Island

3. Observations Taken

on of f bxcepticons

Psychrograph 1800 0234 none

Dew point hygrometer 1806 0234 none

Shortwave radiometer 1800 0234 none

bolex cloud pictures 1804 0234 none

K-100 cloud pictutes 1758 0234 none

Radar pictures 1804 0224 none

Infrared radiometer IT-3 and R8

Dropsondes Time Latitude Longitude Altitude E - ce tions

2255 0829N 17158W 12,160 none
2340 0602N 17149 12,135 none
0025 0543N 17148W 12,110 none
0110 0148N 17152W 12,115 none
0155 0034S 17148W 12,115 none

Turbulence runs Number Altitude (ft) Start Stop_

4849 2,200 1814 1825
4850 2,140 1855 1908
4851 2,140 1922 1931
1852 2,120 2022 2039
4853 2,140 20'5 2109
4855 180 2159 2203
4856 2,200 2220 2222
4957 4,200 2225 2227

4858 6,200 2230 2232
4859 8,280 2236 2238
4860 10,200 2243 2245
4861 12,140 2254 2314
4862 12,100 0008 0020
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WHO1 Flight No. 10 7-8 Kay 1.967

Takeoff 1756 CAT Landing 0305 GMT

1. Canton Island - 6S 172W 6N 172w - Return at 12,000 ft

2, Flight Path and Navigational Winds

Time Latitude Longitude Alttude t) Winds

1850 05i2S 17142W 800 087/15
1907 0558S 17143W 100
1924 Start square for doppler radar check 2,000 _

-1940 0621S 17147W Glimb to . -
12,000

2057 0246S 17153W 12,000 115/17
2140 0034S 17145W 12,000 115/17 u

0345 0555N 17152W 12,000 075/16 - .. :--- -
-- OUiP 0212N 17217W 800 110/18 1

0z20 0104, 17208W 12,900 070/18
0245 0215S 17157W 12,000 065/17 -

. Observations Tdken _ _

on Of f Exception.as

Psychrograph 1758 0304 dry only 2015 - 2316

Dew point nygrometer 1803 0304 none

-- Shor-,wave radiometer 1758 0304 none

Bolex cloud pIrtures 1800 0145 few mn lost at 2300

-100 cloud pictures 1757 0304 none

1-Radar pictures 1801 0256 none

Infrared radiometer 1T-3 and R8 j

Dropsondes Time Latitude Longitude Altitude (ft) Exceptions

2013 0457S 17148W 12,115 none
2140 0034S 17145W 12,110 none
2225 0149N 17149W 12,115 641 - 781 mb .
2310 0359K 17145W 12,120 none
2345 0056N 17149W 12,120 none I

Turbulence runs Number Altitude (ft) Start Sto.

4864 920 1824 1839
4865 960 1902

200~1,000]
2,000 1938

4866 4,100 1944 1946
4868 12,100 2149 2155
4869 10,000 2353 0003

4871 4,200 0032 0042

4872 2,200 0049 0052
4873 950 0057 0107
4874 940 0151 0201
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6d0I Flight No. 11 9-10 May 1967

Takeoff 1802 GMI Landing 0149 CAT

1. Cumulus Study: Canton Island - 6N 172W - Return at 12,000 ft

2. Flight Path and Navigational Winds

Time Latitude Longitude Altitude (It Winds

1848 0105N 17.47W 6,000 065/15
Square flown to check doppler radar

2110 0445N 17202W 6,000 083/14
2141 O616N 17159W 6,000 095111
2155 0537N 3'201W Start study

of Cumulus
2240 0537N 17201W End study

of Cumulus;
start climb
to 12,000

0(00 0148N 17152W 12,000 110/16
0100 00585 17153W 12,000 120/20
0116 SLart descent to Canton Island

3. Observations Taken

On Off Exceptions

Psychrogrsaph 1803 0147 dry only 2253 - 0016

- ew point hygrometer 1814 0147 none

Shortwave radiometer 18'5 0147 none

bolex cloud pictures 1834 0135 none

]Z-100 cloud pictures 2130 2250 time of opera-
(camera pointing forward) tion uncertain

Radar pictures 1827 0149 none

Infrared radiometers IT-3 and R8

-Dropsondes Time Latitude Longitude Altitude (ft) Exceptions

2300 0439N 17200W 12,150 none
2345 0236N 17150W 12,160 none
0030 0028N 17150W 12,160 none
0115 01305 17151W 12,180 none

Turbulence runs Number Altitude (ft) Start stop

4875 2,140 1824 1828
4876 4,180 1837 18414877 6,180 1915 1924

4878 6,180 2005 2015
4870 6,180 2026 2035
4880 6,180 2038 2040
4881 12,160 2334 2341



WOL Flight No, 12 IU-11 May 1967

Takeoff 1756 GKT Landing U426 G.19

1. Canton hIsand - 14N 166W -lbN 16OW H tonolulu

2. Flight P~ath and Navigational Winds

Tikmt Latitd Long tdei Altitude -(f.) Winds

1850 0U485 17103W 6,000 0J50/24
1940 oII7N 17029W b,O000b/2

203U 0319N 16947W 6),000 068/27
2150 064UN 10239w 6,000 080/21
222o 0747N 16752W b,000 095/20
2345 121UN 16012W 6,000 103/19
0047 143U.4 16400W 0,000 150/2U
0100 1441,1 16335W 1,000 070/16

- 037 1655N 15956w 1,000 11U/17
033U 1653N 15828W 1,000 104/15
040u 20U8N 15757W 1,000 104/15

3. observations Taken-

On Off Exceptions

Psycrarograph 1600 o421 2214 - 2219

D~ew point hygrometer 1604 0424 none

Shortwave radiometer 1800 142b u1one__

Holex cloud pictures 18u4 0422 none

K -lVO cloud pictures 1758 0204 none

-Radar pictures 18U2 0358 2054 - 2253

Infrared radiometers IT-3 and R8

lVropsondes none
-lurblenc rus Number Altitude (ft) Start sto

---- 4.882 6,200 1822 1825
4983 6,200 1838 1850
4884 6,150 2007 2033

.4886 1!il80 0149 0154

4890 1,200 0315 0325
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APPENDIX D

LISTS OF SATELLITE PICTURES TAKEN DURING
LINE ISLANDS EXPERIMENT

1. 1967 ATS-1 Photo Inventory ............ .... 297
-.. -2. ESSA I Pictures of Line Islands Area, __ -

15 February to 30 April 1967 ..... ............ .325

3. ESSA III Pictures of Line Islands Area,
15 February to 30 April 1967 ........... .... 327

4. APT Satellite Pictures (ESSA IV and NIMBUS II)
Received on Palmyra ...... ................ .330
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Appendix DI

1967 ATS-1 P)TO INVENTORY

Local Date Local Time NASA Identification Sequence Qlity

14 Feb. 160403 046-7-020403 1 1
14 162654 046-7-022654 2 1
14 164951 046-7-024951 3 1
14 171244 046-7-031244 4 1
14 173540 046-7-033540 5 1
15 063642 046-7-163642 6 1 -
15 065937 046-7-165937 7 1 -]

- 15 072232 046-7-172232 8 1

15 074528 046-7-174528 9 1
15 080821 046-7-180821 10 1

-15 -115947 046-7-215947 12 1
15 125305 046-7-225305 13 1
15 131610 046-7-231610 14 1
15 133859 046-7-233859 15 1
- A -155606 __47-7-015606 . I ._ . .- -

15 164156 047-7-024156 3 1 .._-

15 172748 047-7-032748 5 1
16 063743 047-7-163743 6 1

-.....16 070040 -047-7-170040 7 1 --- -- ___....

16 073420 047-7-173420 8 1
16 075713 047-7-175713 9 1

16 110142 047-7-210142 11 1
16 112440 047-7-212440 12 1

16 114736 047-7-214736 13 1
16 121032 047-7-221032 14 1
16 125923 047-7-225923 15 1
16 132221 047-7-232221 16 1 .... --

16160440 048-7-020440 1 1
-17 064603 048-7-164603 2 1 -
17 070900 048-7-170900 3 1 _

17 073154 048-7-173154 4 1
17 104029 048-7-204029 5 1
17 110326 048-7-210326 6 1
17 112622 048-7-212622 7 1

17 114916 048-7-214916 8 1 .
17 121218 048-7-221218 9 1
17 123509 048-7-223509 10 1
17 125804 048-7-225804 11 1
18 030943 049-7-130943 1 1
18 033729 049-7-133729 2 1
18 040026 049-7-140026 3 1
18 042323 049-7-142323 4 1
18 044616 049-7-144616 5 1
18 050912 049-7-150912 6 1
18 053209 049-7-153209 7 1
18 055503 049-7-155503 8 1
18 061758 049-7-161758 9 1
18 064051 049-7-164051 10 1
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Local Date Local Time NASA Identification .S! e Qualt__

18 Feb. 070349 049-7-110349 11

18 072641 049-7-172641 12 1
18 074938 049-7-174938 13 1
18 081231 049-7-181231 14 1
18 083527 049-7-183527 15 1

- 18 090440 049-7-190440 16 1
18 092734 049-7-192734 17
18 095030 049-7-195030 18 1
18 101324 049-7-201324 19 1
18 103620 049-7-203620 20 1
.. 18 105917 049-7-205917 21 1 I
18 112355 049-7-212355 22
18 115654 049-7-215654 23 1
18 121900 049-7-221900 24 1

.18 124244 049-7-224244 25 2
- -718 130538 049-7-230538 26 2 - _- I

18 132833 049-7-232833 27 2
. - - 18 135127 049-7-235127 28 2

. 18 141427 050-7-001427 1 1_-8 ....8 143718 - -050-7-003718 -- 2 1
. . -18 150012 050-7-010012 3 1

.18 152310 050-7-012310 4 1
18 154602 050-7-014602 5 1
18 160858 050-7-020858 6 1
-18 164005 050-7-024005 7 1.............---. - 8 170254 050-7-030254 8 1
18 172551 050-7-032551 9 1
18 174845 050-7-034845 10 1.
18 181143 050-7-041143 111--118 183437 050-7-043437 12 1
18 185732 050-7-045732 13 1
18 192026 050-7-052026 14 1
18 194321 050-7-054321 15 1

---18 .200615 050-7-060615 16 1 -- •.- 18 202910 050-7-062910 17 1205208 050-7-065208 18 1
18 211506 050-7-071506 19 1
19 030751 050-7-130751 20 1... ... .. 1 9 0 3 3 0 4 6 0 5 0 -7 -1 3 3 04 6 2 11
19 035338 050-7-135338 22

- -19 041632 050-7-141632 23
19 043928 050-7-143928 24
-19 050222 050-7-150222 25 1. .. ...1 9 0 5 5 80 5 0 -7 -1 5 2 5 1 8 2 61

i19 054812 050-7-154812 271
,19 061109 050-7-161109 281
i19 063402 050-7-163402 291t

19 065950 050-7-165950 30 1
- 19 072243 050-7-172243 3L I |

-- • 19 074540 050-7-174540 32
19 080833 050-7-180833 33-19 083129 050- 7-183129 34I
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Local Date Local Time NASA Identification Sequence Quality

19 Feb. 085423 050-7-185423 35 1
19 092807 050-7-192807 36 1
19 095100 050-7-195100 37 1
19 101356 050-7-201356 38 1
19 103649 050-7-203649 39 1
19 103946 050-7-203946 40 1
19 112242 050-7-212242 41 1
19 114530 050-7-21.4530 42 1
19 120831 050-7-220831 43 1
19 125415 050-7-225415 44 1 --
19 131710 050-7-231710 45 1 -4

-- 19 135815 050-7-235815 46 1 =4

19 142112 0%1-7-002112 1 1 1
19 144405 051-7-004405 2 1

19 150700 051-7-01070U 1 1
- 9 -152954 051-7-012954 4 1
19 155253 051-7-015253 5 1
19 161547 051-7-021547 6 1 ! -

19 163839 051-7-023839 7 1
-19 170137 051-7-030137 8 .1

19 72430 051-7-032430 9 1
19 174726 051-7-034726 10 1
19 181020 051-7-041020 18 1
19 183326 051-7-043326 12 1
19 185610 051-7-045610 13 1
19 191905 051-7-051905 14 1
20 194202 051-7-054202 15 1
19 200459 051-7-060455 16 1
19 202747 051-7-062747 17 1
19 205045 051-7-0653I5 18 1
20 082238 051-7-182237 19 1
20 085155 051-7-185155 20 1
20 09154 051-7-191458 21 1
20 093749 051-7-193749 22 1

-0 100045 051-7-200045 23 1
20 102339 051-7-202339 24 1
20 1053 051-7-204535 25 1
20 110931 051-7-210931 26 1
20 113227 051-7-213227 27 1
20 115500 051-7-215500 28 1
20 121818 051-7-221818 29 1. .. ...-
20 124110 051-7-224110 30
20 130412 051-7-230412 31 1 ------..
21 073558 052-7-173558 1 1 _x:.
21 075854 052-7-175854 2 1
21 105340 052-7-205340 3 1
21 111650 052-7-211650 4 1
21 113847 052-7-213847 5 1
21 122550 052-7-222550 6 1

21 124843 052-7-224843 7 1
21 131127 052-7-231127 8 1



300

Local Date Local Time NASA Identification Sequence iQality

22 Feb. 051936 053-7-151936 1 1
22 054411 053-7-154411 2
22 081448 053-7-181448 3 1
22 105902 053-7-205902 4
22 112159 053-7-212159 5 1
22 114453 053-7-214453 6
22 120751 053-7-220751 7 1
22 123401 053-7-223401 8
22 125356 053-7-225356 9 123 073240 054-7-173240 1
-23 075532 054-7-175532 2 1
--2 3 081830 054-7-181830 3 1
-23 112210 054-7-212210 4 1
23 114500 054-7-214500 5
23 120756 054-7-220756 6 1

s 23 123052 054-7-223052 --7 -:-1 --
... 2 3 125344 054-7-225344 8 1

24 054136 055-7-154136 1
24 060430 055-7-16 430 2 1
24 062726 055-7-162726 3 1

--- 065020 055-7-163020 --4
071534 055-7-171534 5

24 073826 055-7-173826 6 -24 080122 055-7-180122 7 1
24 084712 055-7-184712 9 1
-24 104636 055-7-204636 10 1

....--- 24 110929 055-7-210929 11 1
24 113226 055-7-213226 12 1
24 115526 055-7-215526 13 1
24 121826 055-7-221816 14 1

No photos lor 25 Feb. Greenwich date
26 071558 057-7-171558 1 1
26 073851 057-7-173851 2 1
26 080150 057-7-180150 3 1
26 082442 .057-7-182442 -4 1
26 111813 057-7-211813 - 5 4

_2b 114101 057-7-214101 -6 1
26 120405 057-7-220405 7 1
26 125029 057-7-225029 8 1

-. . 26 131319 057-7-231319 9 1
27 054002 058-7-154002 1 1
.27 060300 058-7-160300 2 1
27 062553 058-7-162553 3 1
-27 064847 058-7-164847 4 1
._ _27 071916 058-7-171916 5 2
27 074330 058-7-174330 6 1
27 080626 058-7-180626 7 227 083604 058-7-183604 8 2
27 085859 058-7-185859 9 1
27 092152 058-7-192152 10 1
27 104105 058-7-204105 11 127 111625 058-7-211625 12 1
27 113920 058-7-213920 13 1
27 120216 058-7-220216 14 1



301

Local Date Local Time NASA Identlfication Sequence Quality

27 Fvb. 122509 058-7-222509 15 1
27 124810 058-7-224810 16 1
27 131102 058-7-231102 17 1
27 230700 059-7-090700 1 1
28 072025 059-7-172025 2 1
28 074321 059-7-174321 3 1
28 080613 059-7-180613 4 1
28 082908 059-7-182908 5 1

28 091453 059-7-191453 7 1
28 104817 059-7-204817 8 1
28 111009 059-7-211009 9 1
28 113310 059-7-213310 10 1
28 124323 059-7-224323 11 1
28 130619 059-7-230619 12 1

. . - ar. 104100 060-7-204100 2 1 .....
1 110327 060-7-210327 3 1
1 112619 060-7-212619 4 1
1 115310 060-7-215310 5 1
1 121603 060-7-221603 6 1

...... 155220 061-7-015220 1 3
161558 061-7-021558 2 3

2 112435 061-7-212.35 4 3

3 103625 062-7--213625 1 3
3 105918 062-7-205918 2 3 - --__ --
3 112214 062-7-212214 3 3
3 114508 062-7-214508 4 3
3 120804 062-7-220804 5 3
3 123058 062-7-223058 6 3
3 125352 062-7-225352 7 3
3 131647 062-7-231647 8 3
3 155336 063-7-015336 1 3
3 161612 063-7-021612 2 3 - -

--3 194145 063-7-054145 .3 3
3 200430 063-7-060430 4 3

4 101922 063-7-201922 6 3
4 104232 063-7-204232 7 3
4 110432 063-7-210432 8 3 - .
4 112656 063-7-2 12656 9 3
4 115115 063-7-215115 10 3
4 121409 063-7-221409 11 3
4 154541 064-7-014541 1 3
4 160836 064-7-020836 2 3
4 163132 064-7-023132 3 3
4 194649 064-7-054649 4 3
4 200845 064-7-060845 5 3
4 203142 064-7-063142 6 3
5 102333 064-7-202333 7 3
5 104627 064-7-204627 8 3
5 110920 064-7-210920 9 3
5 113216 064-7-213216 10 3



302

Local Date Local Time NASA Identification S.guence

5 Mat. 115509 064-7-215509 11 3

5 121806 064-7-221806 12 3
5 124059 064-7-224059 13 3

5 130355 064-7-230355 14 3

No photos for o Mar. Grvonwich date
0 224818 066-7-084818 1 3
6 225956 066-7-085956 2 3

140631 067-7-000631 1 3
7 142926 067-7-002926 2 3
7 145227 067-7-005227 3 3
7 151517 067-7-011517 4 3

No photos for 9 Wr. rveiiwich date
9 143625 069-7-003625 2 3

10 222901 070-7-082901. 1 3
11 102049 070-7-202049 2 3

11 104343 070-7-204343 3 3
. - 1 110636 070-7-210636 4 3

11 112 o0 070-7-212930 5 3

11 130610 070-7-230610 6 3 -_

11 132926 070-7-232926 7 3
- 1 .-135245 -070-7-235245 ----8 3
.. 1 141413 071-7-001413 1 3

11 154021 071-7-014021 2 3
11 221659 071-7-081659 3 3
12 101610 071-7-201010 4 3
12 105113 071-7-205113 5 3

111406 071-7-211406 6 3
12 113700 071-7-213700 7 3

12 130930 071-7-230930 9 3
12 133632 071-7-233632 10 3
13 101752 072-7-201752 1 3 [
13 104046 072-7-204046 2 3

13 112632 072-7-212632 4 3 . " ;.....
--13 125239 072-7-225239 5 3

13 132934 072-7-232934 6 3
13 135218 072-7-235218 9 3

13 143807 073-7-003807 2 3
13 164050 073-7-024050 3 3
13 170347 073-7-030347 4 3
13 172640 073-7-032640 5 3

14 081310 073-7-181310 7 3
-14 083603 073-7-183603 8 3

14 090635 073-7-190635 9 3
14 092930 073-7-192930 10 3
14 095225 073-7-195225 11 3
14 101518 073-7-201518 12 3
14 103815 073-7-203815 13 3

14 110107 073-7--210107 14 3
14 112359 073-7-212359 15 3



-
--------

303

Local Date LocalTiM._ NASA Identificato ,.e uaity
14 Mar. 114650 073-7-214650 16 314 120944 073-7-220944 17 314 123238 073-7-223238 18 314 125530 073-7-225530 19 314 131826 073-7-231826 20 314 134117 073-7-234117 21 314 140414 074-7-000414 1 314 142707 074-7-002707 2 3
14 145001 074-7-005001 3 315 081130 074-7-181130 4 3
15 083433 074-7-183433 5 315 085713 074-7-185713 6 315 092006 074-7-192006 7 3
15 100554 074-7-200594 9 3- 15 102846 074-7-202846 10 315 105143 074- '-205143 11 315 111440 074- 7-211440 12 315 113729 074- P-213729 13 315 120023 074- 7-220023 --14 -3- --- - -122317 074-7-222317 15 315 124610 074-7-224610 16 3
15 133159 074-7-233159 18 315 135452 074-7-235452 19 315 141745 075-7-001745 --A 3-15 144039 075-7-004039 2 315 150332 075-7-010332 3 315 152626 075-7-012626 4 315 154919 075-7-014919 5 315 161215 075-7-021215 6 315 163511 075-7-023511 7 3
15 172056 075-7-032056 9 3

16 083425 075-7-13342 17 316 085718 075-7-185718 18 316 092006 075-7-192006 19 316 094305 075-7-194305 20 316 100559 075-7-200559 21 316 102852 075-7-202852 22 316 105145 075-7-205145 23 316 111438 075-7-211438 24 316 113729 075-7-213729 25 316 120018 0I-1-220018 26 316 122314 075-7-222314 27 316 124606 07S-7-224606 28 316 130900 075- '-230900 29 316 133153 07c-7-233153 30 316 135444 075-7-235444 31 3
16 144030 076-7-00403016 2 3150324 076-7-010324 3 5



3,4

Local Date, Local Time NASA Identification Sequece ali t
16 ttr. 157618 076-7-012618 4 316 154911 076-7-014911 5 3

16 163456 076-7-023456 7 3
!6 165750 076-7-025750 8 3
17 101438 076-7-201438 9 3

17 110820 076-7-210820 11 3
1 142709 077-7-002709 1 317 - 145006 077-7-005066 2 317 165524 077-7-025524 3 3----------- 17 -171820 077-7-031820 4 3 ..... -18 131843 077-7-231843 5 418 133112 077-"-233112 6 3
18 135351 077-7-235351 7 3

_---m 18 -141648 078-7-001648 118 143938 078-7-003938 2 3
19 111820 078-7-211820 3 3,.---19 114114 078-7-214114 4 3-.. 19 -125836 078-7-225836 ...

--19 132132 076-7-232132 6 5-

19 134423 078-7-234423 7 3--19 140716 079-7-000716 1 3
19 143007 079-7-003007 2 319 145300 079-7-005300 3 321 090255 080-7-19U255 -1 - 3
.21 092540 080-7-192540 2 321 094720 080-7-194720 3 2
21 103700 080-7-203700 4 221 105941 080-7-205941 5 2-21 112200 080-7-212200 6 4
?2 93.3045 080-7-213045 7 4
21 015057 080-7-215057 8 2
21 121305 080-7-2M05 9 2241; . ... ..... . .. . 1 ...-]23643 080- 7-.223643 10 .2

21 125937 080-7-225937 11 2
-21 132232 080-7-23223 12 2-21 134522 080-7-234522 13 5

21 140114 081-7-000114 1 221 142504 081-7-002504 2 2I: . . 21 144703 081- 7-004703 3 2. . ..
21 163955 081-7-023955 4 2
21 165836 081-7-0258346 5 222 080517 081-7-180517 6 2 ". _
22 082810 081-7-182810 ? 2

29037 081-7-191357 9 i
22 903650 081-7-193650 10 2m

S22 095947 081-7-195947 11 2,_-22 102241 081-7-202241 12 2
22 105840 081-7-205840 13
22 112136 081-7-212136 14 2
22 114426 081-7-214426 152



305

Local Date Local Time NASA Identification Sequence

22 Mar. 123014 081-7-223014 17 2
22 125309 081-7-225309 18 2
.1) 131603 091-7-231603 19 2
22 133858 081-7-233858 20 2
22 140155 082-7-000155 1 2
22 142445 0P2-7-002445 2 2
22 144737 082-7-004737 3 2
22 151033 082-7-011033 4 2 --A
22 153328 082-7-013328 5 2
22 155625 082-7-015625 6 2
22 161916 082-7-021916 7 2
-22 -164209 082-7-024209 8 2
22 170506 082-7-030508 9 2

23 105756 082-7-205756 11 5
23 112045 082-7-212045 12 2

-23 114338 082-7-214338 13 -2
23 130216 082-7-230216 14 2
.23 132508 082-7-232508 15 2 -_-- -

- - 23 134801 082-7-234801 16 2

--- 23 -. -164935 -083-7-024935 . .... 1 -2 . .. .. ..- _ _____._

-24 073141 083-7-173141 3 2
24 080800 083-7-130800 4 2
24 101145 083-7-201145 5 2
24 103437 083-7-203437 6 1

-24 --105729 083-7-205729 -7 2
* 4 112023 083-7-212022 8 1
24 114316 083-7-214316 9 4
-24 124746 083-7-224746 10 1
-24 131037 083-7-231037 1i 2
24 132331 083-7-233331 12 1
24 135523 083-7. 235523 13 1
24 141918 084-7-001"18 1 1

-24 144211 084-7-004211 2 1
--24 150502 084-7-010502 3 1 .
24 1b4339 084-7-024239 4 2 . - -

24 170633 034-7-030633 5 2
24 172924 084-7-032924 6 2
25 100802 084-7-200802 7 . 1
25 103056 084-7-203056 8 1
25 105350 0814-7-205350 9 1
25 111642 084-7-211642 10 1
25 113936 084-7-213936 11 1
25 124608 084-7-224608 12 1
25 130915 084-7-230915 13 2
25 133155 084--7-233155 14 2
25 135448 084-7-235448 15 2
25 141742 085-7-001742 1 2
25 144035 085-7-004035 2 2
25 164318 085-7-024318 3 2
25 170612 085-7-030612 4 1
25 172901 085-7-032901 5 1
26 072744 085-7-172744 6 1



306f I?

Local Date Local Time NASA Identification Sequence Qualit y

2b Mar. 075038 085-7-175038 7 1
26 081330 085-7-181330 8 1
26 083624 085-7-183624 9 1
26 100104 085-7-200104 10 1
26 102356 085-7-202356 11 2
26 104649 085-7-204649 12 2
26 110945 085-7-210945 13 2
26 113236 085-7-213236 14 1 L
26 125738 085-7-225738 15 2
26 132026 085-7-232026 16 2
26 134320 085-7-234320 17 2
-26 140612 086-7-000612 1 2
-20 142906 086-7-002906 2 2
26 145159 086-7-005159 3 1
26 164217 086-7-024217 4 1
26 170509 086-7-030509 5 1

045247 -086-7-145247 6 2
27 051542 086-7-151542 7 2
27 053834 086-7-153834 8 2

. 27 072024 086-7-172024 9 5
.... _-- 27 .074320 .-086-7-174320 ... 10 -2

. .. 7 080611 086-7-180611 11 2 - -
--27 095241 086-7-195241 12 5
27 103828 086-7-203828 13 1
27 110121 086-7-210121 14 1

.--27 112414 086-7-212414 15 1
. - -27 -114710 086-7-214710 -16 5

27 125204 086-7-225204* 17 1
27 125202 086-7-225202* 18 4
27 131455 086-7-231455 19 1
27 133749 086-7-233749 20 1
27 140043 087-7-000043 1 1
27 142340 087-7-002340 2 2
27 144633 087-7-004633 3 2
27 150925 087-7-010925 4 2

-- - -27 153218 087-7-013218 5 2
2o 072308 087-7-17230 6 2
28 074602 087-7-174602 7 2
28 080856 087-7-180856 8 2
28 100536 087-7-200536 9 2
28 102826 087-7-202826 10 2

. . -- 28 105119 087-7-205119 liD 2
28 11412 087-7-211412 12 2
28 113711 087-7-213711 13 2
28 132636 087-7-232636 14 2
28 134927 087-7-234927 15 2
29 073053 088-7-173053 1 1
29 075346 088-7-175346 2 1
29 081641 088-7-181641 3D 1
29 100838 088-7-200838 4 1

Obviously one or both is in error.



307

Local Date Local Time NASA Identification Sequence Quality

29 -mar. 103132 088-7-203132 5 1
29 140850 089-7-000850 1 1
29 164950 089-7-024950 2 1
29 171248 089-7-031248 3 2
29 173542 089-7-033542 4 2
30 074920 089-7-174920 5 1
30 133829 089-7-233829 6 2
30 140122 090-7-000122 1 2
31 102606 090-7-202606 2 1
31 114720 090-7-214720 3D 2

-31 133503 090-7-233503 4 1
31 135757 090-7-235757 5 1 __

31 142050 091-7-002050 1 1
31 164936 091-7-024936 2 ]
31 171230 091-7-031230 3 1
.. . _ 1 173523 091-7-033523 4 1 ............
I Apr. 044337 091-7-144337 5 2
1 052700 091-7-152700 6D 1
1 071111 091-7-171111 7 1
- 073405 091-7-173405 8 1

-075700 091-7-175700 9 --- 1
- 1 081952 091-7-181952 10 1

1 133005 091-7-233005 11 1
1 135259 091-7-235259 12 1
1 141532 09-7-001532 1 1
1 164800 092-7-024800 2 1

--1 '171053 092-7-031053 1 .. -
1 173344 092-7-033344 4 1
2 045724 092-7-145724 5 1
2 052020 092-7-152020 6 1
2 073250 092-7-173250 7 1 -
2 075550 092-7-175550 8 1
2 081838 092-7-181838 9 1
2 100950 092-7-200950 10 1

-- 2 103245 092-7-203245 11 1...... "......- -

2 105600 092-7-205600 12 1
.. . 2 111831 092-7-211831 13 1 . . .-

2 114125 092-7-214125 14 4
2 132601 092-7-232601 15 1
2 134854 092-7-234854 16 1 --
2 141151 093-7-001151 1 1
3 045506 093-7-145506 2 1
3 051807 093-7-151807 3 1
3 070554 093-7-170554 4 1
3 072907 093-7-172907 5 1
3 075145 093-7-175145 6 1
3 081440 093-7-181440 7 1
4 073334 094-7-173334 1 1
4 075629 094-7-175629 2 1
4 081922 094-7-181922 3 1
4 095630 094-7-195630 4 1
4 101920 094-7-201920 5 1

------ -- -



....---i-: " : - ----- --. =- - - -_- - = -7 _- ...- -- -......-.
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Local Date Local Time NASA Identification Sequence 2Ait
4 Apr. 104210 094-7-204210 6 14 110512 094-7-210512 7 14 112748 094-7-212748 8 54 114300 094-7-214300 9 1
4 125923 094-7-225923 10 14 132216 094-7-232216 11 14 134513 094-7-232513 12 24 140806 095-7-000806 1 14 143059 095-7-003059 2 14 145353 095-7-005353 3 44 163923 095-7-023923 1 1
S170216 095-7-030216 1 1
4 172510 095-7-232510 6 1
5 081802 095-7-181802 3 1
5 084056 095-7-184056 8 1- 090349 095-7-190349 9

092641 095-7-192641 10 1
5 094937 095-7-194937 

11
6 121639 096-7-221639 1 1-f-N 123922 096-7-223922 21

--- 6 -130224 096-7-230224 3 1
. ... -. .132518 096-7-232518 4 16 134812 096-7-234812 5 16 141105 097-7-001105 1 16 162828 097-7-022828 2 1-6 165122 097-7-025122 3 1

.6 171414 097-7-031414 4 16 173703 097-7-033708 5 47 100216 097-7-200216 6 18----7 102339 097-7-202339 7 1
7 104642 097-7-204642 8 1
7 110923 097-7-210923 9 2
7 133952 097-7-233952 10 1
7 140246 098-7-000246 1 1
7 142542 098-7-002542 2 11 144336 098-7-004336 3 1
7 .151126 098-7-011126 6 4
7 153419 098-7-013419 51
8 025926 098-7-125926 6 5. . . .8 034507 098-7-134507 7 1...

...8 040800 098-7-140800 8 1 _

S8 062740 098-7-162740 1I 2

065033 098-7-165033 12 18 071326 098-7-171326 13 1
8073621 098-7-173621 14 18 075914 098-7-175914 is I&082207 098-7-182207 16 4

8 120032 098-7-220032 17 18 122325 098-7-222325 18 1
8 124619 098-7-224619 19 1

- -a --



1_... _- = 1 -- _ _ _ _ . . . . . . . _ _- -
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Local Date Local Time NASA Identification Sequence 2Mlutl Jx

8 Apr. 130912 098-7-230912 20 1 1
8 133205 098-7-233205 21 1
8 160758 099-7-020758 1 2
8 163051 099-7-023051 2 1
8 165348 099-7-025348 3 1
8 171641 099-7-031641 4 1
9 084846 099-7-184846 5 1
9 091139 099-7-191139 6 1
9 093432 099-7-193432 7 1 -
9 095725 09n-7-195725 8 1
9 102019 099 7-202019 9 1=-1
-9 125033 099-7-225033 10 1
9 131330 099-7-231330 11 1 4 -
9 133619 099-7-233619 12 1 - -

9 135910 099-7-235910 13 1
. . 9 142206 100-7-002206 -1 2 - "- -

9 163530 100-7-023530 2D 1 A
9 165830 100-7-025830 3 1
9 172110 100-7-032110 4 1

1...0 104522 100-7-204522 5 2
- 0 - - 110955 -100-7-210955 .. 6 2 - - -- ---:__ -
1-70 113248 100-7-213248 7 2
10 115541 100-7-215541 8 2
10 121835 100-7-221835 9 2
10 171753 101-7-031753 1 1
10 174045 101- 7-03404 5 2 1-_____--_-_
1o 180339 101-7-040339 3 1
11 081220 101-7-181220 4 4
11 083513 101-7-183513 5 1
11 085808 101-7-165808 6 1 " 1
11 131127 101-7-231127 7 2
11 133418 101-7-233418 8 1 L
11 163325 102-7-023325 1 1
11 165615 102-7-025615 2 1 .

-411 171911 102-7-031911 -3 1
12 113130 102-7-213130 4 2

---12 115425 102-7-215425 5 2
12 161535 103-7-021535 1 1 - -

12 163830 103-7-023830 2 1 .
12 170125 103-7-030125 3 1 --

12 172418 103-7-032418 4 1 --
13 041317 103-7-141317 5 ]
13 045410 103-7-145410 6 1
13 05170, 103-7-151703 7 1 - " .
13 054100 103-7-154300 8 1 .
13 060548 103-7-160548 9 1
13 062840 103-7-162840 10 1
13 065134 103-7-165134 11 1
13 071429 103-7-171429 12 1
13 073720 103-7-173720 13 1
13 080014 103-7-180014 14 1
13 082308 I03-7-182308 15 1
13 084602 103-7-184602 16 1

I



if
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Local Date Local Time NASA Identification Sequence Qua Iit

13 Apr. 090855 103-7-190855 17 5

13 092210 103-7-192210 18 1

13 094503 103-7-194503 19 1

13 100757 103-7-200757 20 1

13 103051 103-7-203051 21!D 1

13 105343 103-7-205343 22 4

13 111640 103. 7-211640 23 1

13 113930 ! O3-7-213930 24 1

13 120224 103-7-220224 25 1

13 133519 103-7-222519 26 1
13 124816 103-7-224816 27 1

.... 3 -31110 03-7-231110 28 1

13 133404 103-7-233403 29 1

13 135758 103-7-235758 30 1

13 141952 104-7-001952 1 4 . __

-3 -150350 104- 7-010350 2 '14
13 152642 104-7-012642 3 1

13 161130 104-7-021130 5 1

-13 -163525 .__1047 -023525 .....-6 .... .I. .- -----
.... 3 165818 104-7-025818 - 7 1

---13 172112 104-7-032112 8 1
13 174,407 104-7-034407 9 1

13 180659 104-7-040659 10 1

-13 182952 104-7-042952 11 1

3 -185246 -104-7-045246 12 1 ----

13 194607 104-7-054607 15 1

-- 13 200857 104-7-060857 16 1 -

i3 203150 104-7-063150 17 1 I-

14 031139 104-7-131139 18 1
14 033433 104-7-133433 19 1

- 14 035723 104-7-135723 20D 1

---------- :14 -042020 - 104-7-142020 21 '

14 0443lf 104-7-144314 .22 .

-.14 050606 104-7-150606 23 1
14 052900 104-7-152900 25 1
14 061447 104-7-161447 26 1
14 063743 104-7-163743 27 1

..........- 14 070036 304-7-170036 28 1

14 072333 104-7-172333 29 1

.14 074630 104-7-174630 30 1

14 080920 104-7-180920 31 1

... . 14 083216 104-7-183216 32 1

14 085509 104-7-185509 33 1

14 091806 104-7-191806 34 1

14 094059 104-7-194059 35 1

14 -- 100352 104-7-200352 36 1

14 102649 104-7-202649 37 4

14 104949 104-7-204949 38 4
14 111236 104-7-21136 39 2
14 113530 104-7-213530 40 2

- " - ___________
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Local Date Local Time NASA Identification Sequence Quairf
14 Apr. 115826 104-7-215826 41 2
14 122121 104-7-222121 42 2
14 124413 104-7-224413 43 2
14 130706 104-7-230706 44 2
14 133004 104-7-233004 45 2
14 135256 I04-7-235256 46 2 -----
14 141550 105-7-001550 1 5
14 143224 105-7-003224 2 1
14 145518 105-7-005518 3 1
14 151813 105-7-011813 4 1 - :4
14 154106 105-7-014106 5 1 . -14 160300 105-7-020300 6 4 -
14 162230 105-7-022230 7 1
14 164829 105-7-024829 8 1
1_- ~ .4 ---171122 105-7-031122 -9 1 -14 173418 105-7-033418 0 1
14 175713 105-7-035713 11 1

*.. 14 182006 105-7-04200t 12 1 " _
-14 184259 105-7-044259 13 1

----.. . 14 . 90556 1C5-7-050556 14 1
14 192850 105-7-052850 15 1
14 195010 105-7-055010 16 1
14 201436 105-7-0614 36 17 1
14 203732 105-7-063732 18!) 1
15 030911 105-7-130911 19 1

15 044714 105-7-144714 21 1
15 051027 10.5-7-151027 22 1
15 053344 105-7-153344 23 1
15 062935 105-7-162933 24 1
15 065250 105-7-165250 25 1
15 071604 105-7-171604 26 1
15 075733 105-7-175733 27 1

.. .. --15 082047 105-7-182047 28 1
15 084401 105-7-184401 29 1
215 093804 105-7-'93804 30 1
15 100117 105-7-200117 31 1
15 102431 105-7-202431 32 1
15 111848 105-7-211848 33 1
15 114202 105-7-214202 34 1
15 120517 105-7-220517 35 1
15 140850 106-7-004850 1 1
15 151205 106-7-011205 2 1 1 . -15 153520 106-7-013520 3 1 -
15 163143 106-7-023143 4 1
15 165457 106-7-025457 5 1
15 171810 106-7-031810 6 1
15 185701 106-7-045701 7 1 -15 192016 106-7-052016 8 1
15 194329 106-7-054329 9 1
15 200643 106-7-060643 13 1
15 203002 106-7-063002 11 1
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Local Date Local Time NASA Identification Se ce

10 Apr. 031415 106-7-131415 12 116 033729 106-7-133729 13 516 040043 106-7-140043 14 1
16 042357 106-7-!42357 15 116 044712 106-7-1,4712 16 1_ 16 051026 106-7-151026 17 116 053333 106-7-153333 18 1
16 055656 106-7-155656 19
16 062012 106-7-102012 20 1
16 064326 106-7-16432b 21
16 070640 106-7-170640 22 1------------- 6 072954 106-7-172954 23 116 075311 106-7-175311 24 116 081625 106-7-181625 25 1It 083939 106-7-183939 26 1- - 16 90255 106-7-190255 ?7 116 092609 106-7-192609 28 1
1b 094921 106-7-104 921 29 116 101238 106-7-201238 30 ]
.. _ 103553 -106-7-203553 -31 • --.... ... -

..1 105907 106-7-205907 32 1b 112221 106-7-212221 33 1.16 114536 106-7-214536 34 1lb 120855 t06-7-220855 35
16 123207 106-7-223207 36__! _ 16 _-125521 106-7-225521 37 1 . . .
16 131836 106-7-231836 38 116 134153 106-7-234153 39 116 140506 107-7-000506 1 1- 16 142821 107-7-002821 2
16 145139 107-7-005139 3 1
16 151451 107-7-011451 4 116 153805 107-7-013805 5 11b 160121 107-7-020121 6 .1 . ..- -- ":_ 162434 107-7-022434 7 1
16 164752. 107-7-024752 1" . .. . . 16 171105 107-7-031105 9 116 173419 107-7-033419 10 116 175734 107-7-035734 11 1 . . -.16 182048 107-7-042048 12 116 184903 107-7-044903 13 116 190720 107-7-050720 14 116 193034 107-7-053034 15 116 195348 107-7-055348 16 1 __... ... 16 201702 107-7-061702 17 1
16 204017 107-7-064017 18 1
17 030957 107-7-130957 19 117 033211 107-7-133211 20 517 035526 107-7-135526 21 5
17 043412 107-7-143412 22 1
17 045725 107-7-145725 23 117 052043 107-7-152043 24 117 054356 107-7-154356 25 1
17 061849 107-7-161849 26 1

26 1~ -~
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Local Date Local Time NASA Identification Sequencu Quality -- -

17 Apr. 064202 107-7-164202 27 2
17 070519 107-7-170519 28 1 "__
17 072833 107-7-172833 29 1
17 075144 107-7-175144 30 1
17 081502 107-7-181502 3i 1

17 090140 137-7-190140 33 1
17 092447 107-7-192447 34 1
17 094802 107-7-194802 35 1
1 101115 107-7-201115 36 1
17 103430 107-7-203430 37 1 - -4
17 105805 107-7-205805 38 1 -=4"

.7 112101 107-7-212101 -39 1 - -- -=

17 114415 107-7-214415 40 1
17 120735 107-7-220735 41 1
17 123046 107-7-22304( 42 1 1 A

. . .17 124500 107-7-214500 -43 1-- ----- __--

17 131715 107-7-231715 44 1
17 134029 107-7-234029 45 1

-17 140345 108-7-000345 1 1 ___=_

- -17 142701 108-7-002701 2 1 - . ...-.__

.... -- 17 -.- 145015 108-7-005015 3 1
-17 151331 I0-7-011331 4 1 ...

17 153646 108-7-013646 5 5
17 155959 108-7-015959 6 1
17 163314 108-7-023314 7 1
17 164730 108-7-024630 8 1

17 171450 108-7-031450 10 1
17 173729 108-7-033729 11 1
17 180043 108-7-040043 12D 1
17 182401 108-7-042401 13 -
17 184714 108-7-044714 14 1
17 191029 108-7-051029 15 1
17 193342 108-7-053342 16 1
17 195700 108-7-055700 17 1
-17 202014 108-7-062014 18 1 -

- --17 204330 108-7-064330 19 ]
18 032656 108-7-132656 20 5 . .__

18 -034F,0'i 108-7-134804 21 1
.-18 041117 -08-7- 141117 22 1 -- -

18 04432 108-7-14Y, 32 23 1 .

16 045745 108-7-145745 24 3
18 052059 108-7-152059 25 1
18 054217 108-7-154217 26 1
18 --060732 108-7-160732 -27 1
18 063045 108-7-163045 28 1
18 063400 108-7-163400 29 1
8 07171b 108-7-171716 30 1
16 074030 108-7-174030 3] 1
18 C 122 108-7-181128 32 1

18 084728 108,-7-184728 34 1
18 091042 108- 7- i 91042 35 1
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Local Date Local Time NASA Identification Sequence %uaLLty

18 Apr. 093359 108-7-193359 36 1
18 095710 108-7-195710 37 1
18 102023 108-7-202023 38 1
18 104343 108-7-204343 39 1
is 110700 108-7-210700 40 1
18 113013 108-7-213013 41 1
-18 115632 108-7-215632 42 1
18 121948 108-7-221948 43 1
18 124302 108-7-224302 44 1
18 133616 108-7-230616 45
18 13240 108-7-232940 46 1
18 13524? 108-7-235247 47 1

. 18 141615 109-7-001615 1 I
18 143918 109-7-003918 2 1
18 1i0234 109-7-010234 3

. 18 152549 109-7-012549 4 1
.18 154903 109-7-014903 5 1
18 161218 109-7-021218 6 1

. 18 163535 109-7-023535 7 1
18 165849 109-7-025849 8 1

.. ___ -18 - -172206 -109-7-032206 --- 9 --- 1
----- 8 174520 109-7-034520 IOD 5

18 180840 109-7-040840 11 1
18 ]83151 109-7-043151 12 1
18 185508 109-7-045508 13 1
18 191826 109-7-051826 14 1

... ........... --- 18 194140 109-7-154140 15 1
18 200458 109-7-060458 16 4
18 202811 109-7-062811 17 1
19 030915 109-7-130915 18 1
19 033229 109-7-133229 19 1
19 035545 109-7-135545 Z0 1

19 044930 109-7-144930 22D I
19 051245 109-7-151245 23 1

.. 19 053600 109-7-153600 24 1
I C) 055915 109-7-155915 25 --1. .....
19 062229 109-7-162229 26 1
19 064543 109-7-164543 27 1
!9 070900 109-7-170900 28 1
19 073217 109-7-173217 29 1
-19 075521 109-7-175521 30 1
19 081849 109-7-181849 31 1
19 084203 109-7-184203 32 1
19 090520 109-7-190520 33 1.
19 092833 109-7-192833 34 1
19 095151 109-7-195151 35 1
19 101505 109-7-201505 36 1
19 103823 109-7-203823 37 1
19 110150 109-7-210150 38 1
19 112455 109-7-212455 39 1
19 114810 109-7-214810 40 1
19 121126 109-7-221126 41 1
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Local Date Local Time NASA Identification Sequence Quality

19 A~r. 123439 109-7-223439 42 1
19 125855 109-7-225855 43 1
19 132112 109-7-232112 44 1
19 134424 109-7-234424 45 1
19 140742 110-7-000742 1 5
19 143056 110-7-003056 2 1
19 145413 110-7-005413 3 1
19 151727 110-7-011727 4 1
19 154002 110-7-014002 5 1
19 160359 110-7-020359 6 1 - A
19 171344 110-7-031344 7 1
.19 173658 110-7-033658 -8 I
19 180012 110-7-040012 9 1 -'

19 182330 110-7-042330 10 1
19 184644 110-7-044464 11 1
19 190900 110-7-050900 - 12 1 -
19 193317 110-7-053317 13
19 195632 110-7-055632 14 1
19 201946 110-7-061946 15 1
19 204301 110-7-064301 16 1
.20 --0,1200 110-7-131200 17 1 . .. _____
-20 033513 110-7-133513 18 1 . -
20 035830 110-7-135830 19 1
20 042149 110-7-142149 20 1
2o 044502 110-7-144502 21 1
20 050816 110-7-150816 22 1
-20 053132 110-7-153132 23 1
20 055447 110-7-155447 24 1
20 061804 110-7-161804 25 1
20 064i25 110-7-164125 26 1 - - -

20 070432 110-7-170432 27 1
20 072750 110-7-172750 28 1
20 675103 110-7-175103 29 1
20 081421 110-7-181421 30 1
_2 0 083738 110-7-183738 31 1
20 909950 110-7-190050 32 1

.... 20 092410 110-7-192410 33 1
20 094728 110-7-194Y28 34 1
20 101042 110-7-201042 35 1
20 103458 110-7-203458 26 
20 105713 110-7-205713 -7 1
20 112029 110-7-212029 38D 1
26 114346 110-7-214346 39 1
20 120700 110-7-220700 40 1
20 123017 110-7-223017 41 1
20 125332 110-7-225332 42 1
20 131649 110-7-231649 43 1
20 134006 110-7-234000 4 1
20 140322 111-7-000322 1
20 142633 111-7-002633 2 1
20 144951 111-7-004951 3 1
20 151305 111-7-011305 4 1
20 153620 111-7-013620 5 1
20 155937 111-7-015937 1 1
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Loca l Date Local Time -,'zA Identification ISune n uc it

20 Apr 162250 111-7-022250 7 4
20 164t,10 111-7-024610 8 1
20 170923 111-7-030923 9 i
20 173236 111-7-03.3236 10 1
20 175554 111-7-035554 11 1
20 181908 11i-7-041908 12
20 184225 111-7-044225 13 1

20 190539 111-7-050539 14 1
2, 192853 i11-7-052853 15 1
20 195210 111-7-055210 16 1
20 201526 111-7-061526 17 1
.20 203841 111-7-063841 18 1
21 030804 11 ) -7-130804 19 1
21 03312' 111-7-133127 20 1i
21 035436 111-7- 13543b 21 1

I " - OA753 111-7-141753 22 ... 1
21 044107 111-7-144107 23 1 -
21 050424 111-7-150424 24 1 .
21 052739 111-7-152739 25 1

. 21 055055 111-7-155055 6 1

------- 21 . 061412 111-7-161412 27 1
-21 0637'7 111-7-163727 28 1
21 070014 111-7-170044 29 1
21 072!,00 111-7-172400 3o1 
21 074715 111-7-174715 31 1

S21 -081029 111-7-181029 32 1 |
21 083316 111-7-183346 33 1I
21 085701 111-7-185701 34 1
21 092017 111-7-192017 35 1
21 094331 111-7-194331 36 1 1
21 100646 111-7-200646 37 1 j
21 103003 111-7-203003 38 1
21 105327 111-7-205327 39 4

21 112338 111-7-212338 40 1
. ..... 21 114647 111-7-214647 41 1 -

21 121007 111-7-221007 42

.. 21 -123324 111-7-223324 43 1 .

21 125640 111-7-225640 44 2
21 132001 111-7-232001 45 1

.21 134309 111-7-234309 46 1
21 140623 112-7-000623 i 1
21 142941 112-7-002941 2 4
21 145256 112-7-005256 3 1
21 151b]2 112-7-011612 4 1

21 153927 112-7-013927 5 1

21 162558 112-7-r)2)558 7 1
21 164911 112-7-0249J1 8 ]

21 171225 112-7-031225 9 1
21 j73542 112-7-033542 10 1 I.
21 175857 112-7-035857 11 1 U

21 184528 112-7-044528 13 1
21 190843 112-7-050843 14 1
21 193157 112-7-053157 15 1I -'I
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Local Date Local Time NASA Identification Seence Qt

21 Apr. 195514 112---055514 16 1
21 201828 112-7-061828 17D 1
21 204143 112-7-064143 18 1
22 032636 112-7-132636 19 1
22 035000 )12-7-]35000 20 1
22 042036 112-7-142u36 21 5
22 044353 112-7-144353 22 1 -4
22 050711 112-7-150711 23 1

22 053024 112-7-153024 24 1
22 055339 112-7-155339 25 1 -
22 061655 112-7-161655 26 1

22 064013 112-7-164013 27 1
22 070329 112-7-170329 28 1
22 072643 112-7-172643 29 1 - ---

22 075001 112-7-175001 30 1 -

22 081314 112-7-18i314 31 1
22 083633 112-7-183633 32 1
22 085949 112-7-185949 33 1 --

22 092303 112-7-192303 34 1 . .
.. .... ..--------22 -094620 -112-7-194620 35 •--1 - .... -- _ --_

22 100940 112-7-200940 36 1 - --

22 103251 112-7-203251 37 1
22 105609 112-7-205609 38 1
22 111926 112-7-211926 39 1
22 114243 112-7-214243 40 1 -

--22 - 120558 112-7-220558 41 1
22 122914 112-7-222914 42 1
22 125232 112-7-225232 43 1
22 131546 112-7-231546 44 2 - -

22 133902 112-7-233902 45 1 - _-

22 141818 113-7-001818 1 1
22 144136 113-7-004136 2 1
22 150810 113-7-010810 3 1
22 353121 113-7-013121 4 1 .
22 155440 113-7-015440 5 1
22 161757 113-7-021757 6 1 . .. . . . . m --

22 164113 113-7-024113 7 1 --
22 170430 113-7-030430 8 1 ;
22 173701 113-7-033701 9 1
22 180010 113-7-040010 10
22 182330 113-7-042330 11 1
22 184645 113-7-044645 12 1
22 191000 113-7-051000 13 1
22 193317 113-7-053317 14 1 .
22 195133 113-7-055633 15 1
22 201949 113-7-061949 16 1
22 204305 113-7-064305 17 1
23 025544 113-7-125544 18 1

23 031805 313-7-131805 19 1
23 03!122 113-7-134122 20 1
23 04037 113 - 7 - 104 21 1
23 043932 113-7-143932 22 1
23 050246 113-7-150246 23 5

I!
____ __ _ __ _ ____ _
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Ii

Local Date Local Time NASA Identification Sequence I.t

23 Apr. 052500 113-7-152500 24 1
23 054920 113-7-154920 25 5
23 061239 113-7-161239 26 4
23 063554 113-7-163554 27 5
23 083033 113-7-183033 28 1
23 085347 113-7-185347 29 1
23 091704 313-7-1917M 30 1
23 094022 113-7-194022 31 1
23 100335 113-7-200335 32 1
23 102652 113-7-202652 33 1 1
23 105009 113-7-205009 34 1 I_4
23 111327 113-7-211327 35 1
23 113640 113-7-213640 36 -2
23 115959 113-7-215959 37 1
23 122317 113-7-222317 38 2

23 124629 113-7-224629 39 1
130946 113-7-230946 40 -;-

23 133303 113-7-233303 41 1 1]
23 135617 113-7-235617 42 1 1
23 141935 114-7-001935 ID 5 ii

- 23 144249 114-7-004249 2 1
23 -150605 -114-7-010605 3 1 - L]
23 152920 114-7-012920 4 4 '
23 155237 114-7-015237 5 1
23 161551 114-7-021551 6 1

23 163905 114-7-023905 7 5

23 170249 114-7-030249 9 1 -I
23 172610 114-7-032610 10 1
23 174918 i14-7-034918 1 I
23 181221 114-7-041221 12 1 Ii
23 183550 114-7-043550 13 1
23 185901 114-7-045901 14 1
23 192220 114-7-052220 15 1

23 194534 114-7-054534 16 1
23 200841 114-7-060841 17 1 i
23 203205 114-7--063205 ]R I

24 030351 114-7-130351 19 1
24 032707 114-7-132707 20 1
24 035023 114-7-135023 21 1

24 041339 114-7-141339 22 1
24 043654 114-7-143654 23 1
24 050012 114-7-150012 24 1 |
24 052324 114-7-152324 25 1

74 054641 114-7-154641 26 1
24 060949 114-7-160949 27 1
24 063302 114-7-163302 28 1
24 065630 114-7-165630 29 1
24 071948 114-7-171948 30 1
24 103900 114-7-203900 31D 5
24 110217 114-7-210217 32 1

4_ 114828 114- 7 -- 4828 -1-
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Local Date Local Time NASA Identification ~Sequce Quality

24 Apr. 125049 114-7-225049 34 1
24 131500 114-7-231500 35 1
24 133834 114-7-233834 36 1
25 140309 116-7-000309 1 1
25 142628 116-7-002628 2 1
25 162730 116-7-022730 3 1
25 165049 116-7-025044 4 1 -
25 171405 116-7-031405 5 1
25 173723 116-7-033723 6 1
25 190308 116-7-050308 7 1
25 192623 116-7-052623 8 1
26 031358 116-7-131358 9 1 -u
26 033723 116-7-133723 10 1 - -
26 040033 116-7-140033 11 1
26 042404 116-7-142404 12 1 _11
26 044703 116-7-144703 13 1
26 052841 116-7-152841 14 2 -

- 055156 116-7-155156 15 1

26 064127 116-7-164127 17 1
26 075059 116-7-175059 18 1
26 081421 1 116-7-181421 .._19 1
26 085722 116-7-185722 20 1 ---
26 092040 116-7-192040 21 5
26 100358 116-7-200358 22 1 I-
26 102700 116-7-202700 23 1
26 105000 116-7-205000* 24 1

-- -- 26 111353 116-7-211358 -25 1
26 113712 116-7-213712 26 1
26 120029 116-7-220029 27 1
26 122347 116-7-222347 28 1
26 124704 116-7-224704 29 1
26 133340 116-7-233340 30 1
26 135700 116-7-235700 31 1
26 144336 117-7-004336 1 4

26 151408 117-7-011408 3 1
26 153728 117-7-013728 4 1
26 160043 117-7-020043 5 1
26 162403 117-7-022403 6 1
26 164719 117-7-024719 7 1
26 172909 117-7-032909 8 1
26 175226 117-7-035226 9 1
26 i3205 117-7-043205 10 1
26 18555 117-7-045515 11 1
27 04t227 117-7-141227 12 1
27 043545 117-7-143545 1 1
27 045901 117-7-145901 ]4 1
27 052218 117-7-152218 15 1
27 054536 117-7-154536 16 1
27 060852 117-7-160852 17 1
27 063212 117-7-163212 18 1

NASA legend reads 116-7-2625000, an obvious error.
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Local Date Local Time NASA Identification Sequence Quality

27 Apr. 065530 117-7-165530 19 1
27 073611 117-7-173611 20 3
27 075933 117-7-175933 21
27 082250 117-7-182250 22 1
27 084607 117-7-184607 23 1
27 090929 117-7-190929 24 1
27 093246 117-7-193246 25 1
27 095605 117-7-195605 26 1
27 101922 117-7-201922 27 1
27 124636 117-7-224636 28 5
27 130848 117-7-230848 29 5

---- 27 134832 117-7-234832 30 3
27 140656 118-7-000,96 1 5
27 142608 118-7-002603 2 527 144924 118-7-00+924*-1-/7 151245 : I18-7-011245 4 4

27 153606 118-7-013606 5 4
27 155918 118-7-015918 6 4
27 162238 118-7-022238 7 1

... ... ~ ~27 .... -164558 118-7-024558 ..-. 8 -1
-. 27 170915 118-7-030915 9 1

27 173233 118-7-033233 10 1
27 175550 118-7-035550 1I 1
27 181912 118-7-041912 12 1

- 27 184227 118-7-044227 13 1 1.. . ...... 8 -0 4 0 5 2 2 1 1 8 -7 -1 4 0 5 2 2 1 4 l. . ..
28 042835 118-7-142835 15
28 045200 118-7-145200 16 1
28 051515 118-7-151515 17 1I28 053800 118-7-153800 18 1
28 060150 118-7-160150 19 1
28 062508 118-7-162508 20 1

28 071144 118-7-171144 22 1
28 073505 118-7-173505 23 1
28 0582s5 118-7-175825 26 1 - -
28 082142 118-1-182142 25 1
28 084503 118-7-184503 26 1
28 090825 118-7-190825 27 1
28 093150 118-7-193150 28 3

- 28 100133 118-7-200133 29 1
28 102452 118-7-202452 30 1
28 104816 118-7-204816 31 1
28 .111131 118-7-211131 32 1
28 113451 119-7-213451 33 128 115809 118-7-215809 34 1
28 122129 118-7-222129 35 1
28 142414 119-7-002414 1 1
28 144734 119-7-004734 2 128 182813 119-7-042813 3 1
28 202726 119-7-062726 4 129 025145 119-7-125145 5 1
29 031608 119-7-131608 6 1
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Local Date Local Time NASA Identification Sequence Qu.a 1i t I

29 Apr. 033826 119-7-133826 7 1
29 040142 119-7-140142 8 1 -.- -

29 055422 119-7-155422 9 1
29 061739 119-7-161739 10 1
29 064159 11.9-7-164159 11 1
29 070418 119-7-170418 12 1
29 072740 119-7-172740 13 1 -f.
29 075105 119-7-175105 14 1 4
29 081420 119-7-181420 15 1
29 113947 119-7-213947 16 1
29 120307 119-7-220307 17 4 and 5
29 122059 119-7-222059 18 1 . -- --_

29 144645 120-7-004645 1 1
29 151003 120-7-0110C3 2 1
29 174116 120-7-034116 3 1

29 -180435 120-7-040435 41 . . ____

29 203838 120-7-063838 5 1
29 210155 120-7-070155 6 130 024115 120-7-124115 71 "1

30 - O30435 .120-7-130435 .8
30 054120 120-7-154120 9 1
30 060722 120-7-160722 10 1
30 063039 120-7-163039 11 1

30 071719 120-7-171719 13 1
-----30 074039 120-7-174039 --14 - I .. ....- ' -__. -_ -.

30 080400 120-7-130400 15 1
30 082719 120-7-182719 16 1
30 085046 120-i-185046 17 1
30 091404 120-7-19i404 18 1
30 113913 120-7-213913 19 1
30 120232 120-7-220232 20 1
30 122557 120- 7-222557 21 1
30 143559 121-7-003559 1 1
30 145916 121-7-005916 -1----
30 173400 121-7-033400 .3

30 175700 121-7-035712 4 1
30 202503 121-7-0-2503 5 1
30 204822 121-7-064822 6 1
30 211142 121-7-071142 7 1
- 1 May 024121 121-7-124121 .3 1 .. .. ... .....

1 030444 121-7-130444 9 -
1 052023 121-7-152023 10 "

1 054343 121-7-154343 11
1 060703 121-7-160703 12 1
1 070000 121-7-170000 13 1
1 072323 121-7-172323 14 1
1 074643 121-7-174643 15 1
1 081007 121-7-181007 16 1
1 114750 121-7-214750 17 1
1 121108 121-7-221108 18 1
1 123427 121-7-223427 19 1
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Local Dte Local Time NASA dentification Sequence

1 May 150430 122-7-010430 2 11 174240 122-7-034240 3 1
1 180651 122-7-040651 4 11 203920 122-7-063920 51 11 210243 122-7-G70243 6 1
2 024856 322-7-124856 7 4
2 031208 122-7-131208 8 1
2 052140 122-7-152140 9 5
2 054637 122-7-154637 10 1
2 093851 122-7-193851 111
2 100214 122-7-200214 12 12 102534 122-7-202534 13 1
2 124652 122-7-224652 14 12 131015 12k-7-231015 15 1
2 144707 123-7-C04707 1 1
._2 151024 123-7-011024 2
2 174920 123-7-034920 3 1
2 181238 123-7-041238 4 1
-2 203250 123-7-063250 51

-205611 123-7-065611 6 1- -- 3 --023520 123-7-123520 -- -7
- -- 3025842 123-7-125842 81

3 051626 123-7-151626 9]3 054420 123-7-154420 10 1
3 080750 123-7-180750 11 1_ 3 083104 123-7-183104 12 1-- 085440 123-7-185440 13 I
3 113642 123-7-213642 14 1
3 120007 123-7-220007 15 4
-3 150702 124-7-010702 1 1
3 173310 124-7-033310 2 13 175632 124-7-035632 3 1
4 025405 124-7-125405 4 1
4 031730 124-7-131730 5 1

-- .--.---- 4 034057 124-7-134057 6 14 050105 124-7-150105 7 1
... _-4 .054408 124-7-154408 8 l - -4 071802 124-7-171802 9 1

4 120117 124-7-220117 Ii 14 122440 124-7-222440 1.2 1
' 4 143850 125-7-003850 1 14 150216 125-7-010216 2 1

4 3.82802 125-7-042802 4 1
4 200149 125-7-060149 5 1
4 202512 125-7-062512 6 14 201,835 125-7-064835 7 1
4 211202 125-7-071202 8 14 213524 125-7-073524 9 1
5 051638 125-7-151638 10 1
5 053832 125-7-153832 1I 1
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Local Date Local Time NASA Identification Sequence Que t

5 May 120154 125-7-220154 12 3

5 122504 125-7-222504 13 5
5 123640 125-7-223640 14 5
5 142842 126-7-002842 1 1
5 145207 126-7-005207 2 1
5 151530 126-7-011530 3 1

5 174531 126-7-034531 5 1 -

5 180957 126-?-040957 6 1-
5 204348 126-7-064348 7 1
5 210726 126-1-070726 8 1
6 024111 126-7-124111 9 1

030433 126-7-130433 15 1
6 050403 126-7-150403 11 1

.--_-_-- 052726 126-7-152726 12 1 .-__ -_-___

6 073737 126-7-173737 14 1 . -
- 6 080101 126-7-180101 15 1

6 82425 126-7-182425 16 5

6 -090141 126-7-190141 17 -5

" 6120248 1 26-7-220248 19 1.

6 122605 126-7-222605 no 1
6 124928 126-7-224928 21 16143957 127-7-003957 1 1
6 150317 1 27-7-010317 ---2 I4 --.

6173338 127-7-033338 3 1 -

6 175703 127-7-035703 4 1

6 203113 1217-7-063113 51
-6 205437 127-7-065437 6 1

7 02371.6 127-7-123716 7 1
7 030039 127-7-130039 8 1
7 051154 127-7-151154 9 1
7 053518 127-7-153518 10 • - .
7 055831 127-7-155831 A. 1

. . -- 7 064348 127-7-16434P - 12 1
7 080655 127-7-180655 13 1
7 083010 127-1-183010 14 1
7 085344 127-7-1853&4 15 1
7 1 112811 127-7-212811 16 ]
7 115128 127-7-215128 17 1
7 121451 127-7-22)451 18 1
7 185347 128-7-045347 1 1

• 8 115215 128-7-215215 2 1
8 121541 128-7-221541 3 1
8 123908 128-7.-223908 4 1
8 1447 36 129-7-004736 1 1.
8 151100 129-7-011100 2 1
8 174027 129-7-034027 3 1

8 .81122 129-7-041122 1
8 204#536 129-7-064.36 5 1

9 113524 129-7-213524 " 1
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Local Date Local Time NASA Identification Sequence Quality

9 May 12C302 129-7-220302 8
9 125806 129-7-225806 9 1
9 132132 129-7-232132 10 1
9 171239 130-7-031239 1 1
9 174105 130-7-034105 2 1

10 111243 130-7-211243 3 1

10 115941 130-7-215941 5 1
10 143755 131-7-0037551
10 150121 131-7-010121 2 1
10 -174941 131-7-034941 31

..10 -- 181307 __131-7-041307 4--4-
10 210224 131-7-070224 5 1 -
10 .212550 -131-7-0725506

.. .- .--. .- .-- - - - . I
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Appendix D2

ESSA I PICTURES OF LINE ISLANDS AREA

15 February to 30 April 1967

Orbit No. Local 1)tte and Time GMT Date and Time

5462 18 Feb, 1303 18 eb. 2303
5505 21 1256 21 2256
5534 23 1326 23 2326
5548 24 1248 24 2248
5563 .25 4354 25 2354
5591 27 ;245 27 224.i -
5634 2 Mar. 1241 2 Mar. 2241
5649 3 1206 3 2201)
5650 3 1342 3 234.1
5662 4 1130 4 .-2130
5663 4 1.10 " 4 2310
5677 5 1235 5 2235
5678 5 1415 6 0015
5691 6 1200 6 2200

.. . --. 5692 -. - .----.--6 - • --1340 ..... 6 -- . -23440 . . . ...-.-.-. . .
5706 7 1305 7 2305 --

5720 8 1230 8 2230
5735 9 1334 9 2314
5749 10 1258 10 2253 -
5763 11 1223 11 2223

-- 5764 11 1403 -12 0003
5778 12 1328 12 2328
5792 13 1253 13 2253
5806 14 1218 14 2218 - - -

5807 14 1359 14 2359
5821 15 1323 15 2323
5835 16 1247 16 2247
5836 16 1428 17 0028

_5850 17 1353 17 2353
5864 18 1318 18 2318 - -- -

.. 5878 19 1243 19 2243
5893 20 1348 20 2348
5921 22 1237 22 2237
5936 23 1342 23 2342
5950 24 1307 24 2307
5964 25 1231 25 2231
5978 26 14*
5979 26 M
5994 27 M
6007 28 1225 28 2225
6008 28 1406 29 0006
6021 29 1150 29 2150
6022 29 133X 29 2331
6036 30 1255 30 2255
6048 31 1220 31 2220
6065 1 Air. 13214 1 Apr. 2324
6079 2 1249 2 2249

" means exact time of picture not known at this writing.
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Orbit No. Local Dale and Time GMT Date and Time

@094 3 Apr. 1214 3 Apr. 2214
6108 4 1319 4 2319
6122 5 1243 5 2243 i
6136 6 1208 6 2208 I6137 1348 6 23 8
0151 7 1313 7 231] 3

- b165 8 1238 8 2238 -b179 9 1023 9 2023
b195 10 1309 10 2309
b209 11 1233 11 2233 1]
6222 12 1158 12 2158
6237 13 1303 13 2303

-6251 14 1227 14 2227 .1
@265 15 1152 15 2152 1 1
626t) 15 1332 15 2332
6280 16 1256 16 2256
-294 " 17 1222 17 2222
b309 18 132? 18 2327
6323 19 1251 19 2251
6337 20 1216 20 2216 .

-.. . .6 352 --..21 .. 321 -- 21 - --2321 . J -

-6366 22 1246 22 2246
6380 ..23 1209 23 2209 U
6381 23 1350 23 2350
6395 24 1314 24 2314
409 25 1239 25 2239

- - - -6423 -- 26 --1203 -20 -2203 - .- .....
6424 26 1344 26 2344
6452 28 M

6481 30 1303 30 2303

IL

Ii

I

I
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Appendix D3 1
ESSA III PICTURES OF LINE ISLANDS AREA -

15 February to 30 April 1967

Orbit No. Locai Date and Time GMT Date and Time-I

1714 15 Feb. M* :
1715 15 M
1727 16 M
1728 16 M
1739 17 iLi17 Fvb. 0 251
1740 17 1446 18 0046
1751 18 1146 18 2146

--1752 -....18 1341 - 18 2341 -- .
1764 19 1237 19 2237
1765 19 1432 20 0032
1777 20 1328 20 2325----....17 78 .. . .....20 -A.. 52 2. ..2 -.2 0 1 22 . ..i _1790 21 1418 22 0018

1802 22 1314 22 2314
180-3 22 1508 23 0108
1815 23 1403 24 0003
1816 - 23 1558 24 0158
1b27 24 1259 24 2259
1853 26 1440 27 0040
1877 28 M I1878 28 M .:

1890 1 Mar. 1324 1 Mar. 23241891 1 1519 2 0119 I1903 2 1414 3 0014

1916 3 1505 4 0105
12 4 1400 5 0000
1941 5 I,-
1.953 6 1347 6 2347
1978 8 N
1979 8 M
1991 9 1423 10 0023
2003 10 1319 10 2319
2004 10 1514 11 OiL.
2016 11 1409 12 0009
2028 12 M
2029 12 N
2041 13 N
2042 13 11
2053 14 1251 14 2251
2054 l4 1446 1 004b
2066 15 1341 15 2341
2067 15 1536 10 Oli0

M means exact time of picture notL known at this writint,,
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Orbit No. Local Date and Time GMT Date and Time

2078 16 M1ar. 1237 16 Mar. 22372079 16 ]432 17 0032
2092 17 1523 18 0123
2104 18 1418 19 00182117 19 1509 20 0109
2116 19 1314 19 23142129 20 M
2141 21 m
2142 21 m
2154 22 M.2166 23 1247 23 22472167 23 1441 24 00412t79 24 1337 24 23372192 25 1427 26 _ 00272204 26 1323 26 2323221 7 27 M
2230 28 m
2254 30 N

- . ...... . ii _Z 2 55 .. .- 3 0 --N- -- - -- - -- - -- - -- . . . .

2267 31 N
2268 31 H
2281 1 Apr. N
2282 1 N
2292 2 M2293 2 M
2304 3 M Li2305 3 M2317 4 1319 4 Apr. 2319
2318 4 1513 5 0113 [
2329 5 1223 5 2223
2330 5 1409 6 0009 i.. .. 2342 -6 -1305 to 2305" )
2343 6 1459 --7 0059- 2355 7 1355 23552367 8 1251 8 2251
2368 8 1445 9 0045
2380 9 -1341 9 2341

2381 9 1535 10 0135
2393 10 1433 11 0033
2405 11 1328 II 23282418 12 1418 13 090182430 13 1314 13 2314
2431 13 150T 14 01092446 14 1949 15 0549
2456 15 1455 16 00552468 16 1351 16 2.3512481 17 1441 18 00412493 18 1337 18 23372505 19 1233 19 22332506 19 1425 20 0025

K.!

_____ __ _____ __ _ ___ _ ____'-- "
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Orbit No. Local Date and Time GMT Date and Time

2518 20 Apr. 1327 20 Apr. 2327
2,519 20 1522 21 0122

2531 21 1418 22 0018
2544 22 1508 23 0108

2356 23 1404 24 0004

2568 24 1300 24 2300

2569 24 1455 25 0055

2581 25 1350 25 2350

2593 26 1246 26 2246 -4

2594 26 1441 27 0041.
2606 27 1337 27 2337
2619 28 1427 29 0027
2631 29 1323 29 2323

2644 -30 --- 1413 . Hay __Ou13 - . ..

_ _ - __--------~-----------.-------.------------~------=--=~--------~--=------- =- --. --i -
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Appcndix D4

At'I" SATELLITE PICTURES (ESSA IV AND NIMBUS II) RECEIVE,) ON PALHYRA

Sarellite MissingD'ate_2 IocalTine G Nod.ct 4'.- Orbit No.1I Fr'am.
7 Mar. 1032* 2032 166W E 5098 1107* 2107 175W E 522

1140* 2140 148W N 39628 1328* 2328 175W N 39639 0940* 1949 155W E 5349 110o* 2106 140W N 39759 1254* 2254 lo7W N 397610 1024 2024 164W E 54710 1228 222," 185W N 3990 41i 0906 1906 145W E 55911 1059 2059 173W 1 5601] 1146 2146 150W N 400211 1334 2334 177w N 4003- 12 0941* 1941 -153W E 572-2 1112 2112 141W N 401512 1300 2300 168W N 401613 1016* 2 162W 58513 1038* 2038 133W N 4028
13 1226* 2226 160W N 4029-4 0858 1858 142W E 59714 10)2 2052 171w E 59814 1152 2152 151W N 4042 2,314 1341* 2341 178W N 404315 0933* 1933 151W F 61015 1118 2118 143W N 405515 1307 2307 170W N 405616 1009* 200Q 160W E 62316 1233 2233 161W N 4069 2, --1/ !j44 2044 169W h 63o17 1159 2159 153W N 4082 518 0926 1926 149W F 64818 1119 2119 177W E 64918 1313 2313 171W N 4096 4 119 1001 2001 158W E 661 4
19 1239 2239 163W N 4109 2,520 1036 2036 167w E 674 I20 1205 2205 154W N 4122 521 0918 1918 147W E 68621 1111 2111 175W E 687
21 1131** 2131 146W N 4135 ,

*Missing orbit.
Markedly stb-itandard picture.

"Ascendiing noce (NIM'S 11) and desccnding node (ESSA IV),ESSA IV and N NIMBUS II.

' I
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Satllitc M issing

D__t' Node Orbit o. Frn,s
2 1 M a , ,1 3 1 9 * , 2 3 1 7 3 W ; " 8

2-2 0953 1953 150W * 922 1245 2-245 1 h4W N e,14 9
23 10218 20-8 1o5W L 7 12 1,2,4

23 1211 2.11 1)6W N 41622 09t01, 1910 14 W E 724
24 1104" 2104 I 73W 1 E 72-j5

24 1137 21 37 147W N 4175
24 1325 2325 174w N 4170
25 0946 1945 154W E 737
25 125 1 2251 1 6 W N 4189
20 1021 2021 162 LN 750
26 1217 2217 15'w N 420227 105() 2056 171 w E 763 4... ..

27 1 '32 2332 1 76W N 4256
28 0930 1938 1452W E 775.
28 1131 2131 1780W L 714
28 ---.. 1258 . 2158 1b7W N 4229
29 1013 2013 160w E- 788
29 1224 2224 159W N 4242
30 1048 20 41 S 169W FJ 801
30 1150 2150 150w N 425530 1338 2338 1 //W N 4256 .. .
31 0930 1930 14 9W E 813 4+

31 1124 2124 178W 814
31 1304 2304 169w N 4269I Apr. 1005 200 1581W E 826

1 1230 2230 160w N 4282
2 1041 2041 167W E 829
2 1150 210 1,2W N 433,5
6 1116 2116 17ow 8052
3 131 '  

2316 i7 N 4349 V
4 123 2242 162w N 4322
5 1033 2033 165W E 877
5 1202 2202 153W N 4335
6 0915 1915 145w 88 N 4 9
6 1108 2108 174w E 890
6 1128 2128 145W N 4348
6 131 2316 172W N 43497 0 9 56 1950 ] 54 : E 902

7 1242 2242 163W N 43628 1025 2025 163W E 915 ],3
8 1208 2208 1 55W N 4375
8 1 357 2357 1 78. N 4 376
9 1 WI 2101 17y2!7 F 928
9 1134 2134 146W N 4388
9 1324 2324 1 73W N 4389

10 1249 2249 16514 N 4402
11 1018 2018 161W E 953

___ _____ _____ ___ __ 1
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Satellite Missing
DlI t v Local h'iiue Gm'" Node Orbit No. Frames

11 Apr. 1215 2215 156W N 4415
12 1053* 2053 170W E 966
12 1141 2141 148w N 4428
12 1329 2329 175W N 429 5
13 0935* 1935 150W E 978
13 1255 2255 166W N 4442
14 1010 2010 159w E 991
14 1221 2221 JA8W N 4455
15 1046 2046 167W E 1004
15 1147 2147 149W N 4468
15 1.3 2335 17 W N 4469 5
16 0927 1927 148w E 1016
16 1121* 2121 176W E 1017
16 1301 2301 108W N 4482
17 1002 2002 357W E 1029
17 1227 2227 159w N 4495 _

--8 ...1038 .-2038 -1651W E 1042
-18 1153 2153 151W N 4508
18 1341 2341 178W N 4509 1
19 1113 2113 174W E 1U5, I
19 1307 2307 169w N 4522 5 1
20 0955 1955 154W E 1067 -.-.. . . .
20 1233 2233 161W N 4535
21 1030 2030 363W E 1080
21 1159 2159 152W N 4548
21 1347 2347 170w N 4549

!
I

I.
I

"I

I

1
I
II
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APPEN-uiX E

METEOROLOGiCAL DATA GUID)E FOR THE LINE. ISLANDS

2. A Guide to Publiilied Meteorological Data
for the Line Islands .. ................. 335

2. A Guide to Unpublished Meteorologlial
Data for the Line Islands. ............... 33f9



334

In~Winfruewith Appi-.dix E -
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-=

H3
335 A

a I
Appl d ix l-

A CIUDE TO P11l1,1 8III1O METEOIROLOGIC'A. IJAIA FOR TilE 1.IN1 I SIANDS

(, Clouds P P tr.'ur V = Vsihtlity

II = liiuidity R p' 1iia I W = Wind

." = '1t"iljlt'l a1t Uiltl

CIRISTMAS ISLAN)

Da I aI Vc r 1 od R It t Ct Ct ,.ll. I do ubt

1903-io5 (5), p 256 1905 tut do1ulbtful-
TR 1916-19 (1), P. 44 --

Lt11 1917-19 (9), pp. 4-5 P.l iod lilt alls

R 19317-40 (l4)
TrRWC 1941-48 ( 7) 1;iilIll I tqulily

TRWC 1942-47 (11), p. 3 -- -E
WC 1 95-5 (), p. 5 --

R 956-58 (i3), p. 114 har graph i--1
TRWc 1953-57 (17), p. 14 Breaks ii ecrd
TR1ICV 1903-05 (15) J

1917-19
1939-40

1951-55
T1 ]951-datt, (14) Monthlv A'1 -

24--hr max ;md r-lin
d v

TPItWCV 1962 (10) 1 Apt.-18 Jul.; 8
q1 C'olserxvat i on - -
pf'[r d " Ja ; 2 Ul11, Ti 7-

f00

FA'NINC ISLAND

TPR 1904-05 (8) Cable Station

R 1911-l (15), p. 2 )0
E 1903-30 (18) , p. 1)6 Nlthlv values

w 3903-18 (18) p. 10 Nhn thlv I rtqtJItmeS
TRI 1(j03-38 (12) p. 3) --

R 1909-38 ( 6) pp. 36, 55 Monthlv Va Lus

PR 1931-50 (22) p. 1166 --

TRItCV 1903-42 (15) ',r i ad incana; onIv

1949-55
TPR,,D 1950-55 (14 )--

1950-date (1 4) Mont lv vilues,
24-hr max and rain

d 0a vs
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FLINT ISLAND

I)i t a Pc r l od Re VI 'r C Remarks

R 1903--05 (5), p. 25b Rough annual totals

KINGAN RLEF

TPIWC 1966 (11) 9-17 Sept.

MAI.DFN ISAND

1X90-1918 (16), p. 21 Monthly valuesTI'R 1890-1919 (2), p. 1159 " tTRIIWC 1890-1926 (15) Period meansTRtl 1890-1926 (12), p. 39 "
TPIIWCV ... 1962 - (10) -A Apr.-11 Jul.;

8 sfc obseriations
per day; 2 rawlin-
sonde, O0 and 12 GMF

PALMYRA ISLAND
R19)48-49 (20) jan.-Oct. 1948-.49;1955 (19) daily and monthly

values7R 1956-57 (20) Jan.-Apr. 1957; daily

and monthly values
TRWC 

Breaks in record;
1955-57 (17) pelild meAns onlyTPIIWCV 19t2 (10) 1 Apr.-12 Jul.,

25 Sept.-31 Oct.;
8 sfc observations
per day; 2 rawin-
sonde, 00 and 12 GCT

WASH I1NGTON ISLAND

R 1910-11 (5), p. 250
1922, 1924 (1), p. 45 Six months dataR 1910-11 (15)
1932-39 

Breaks in record: 1932-33

: 1939-41
R 1949, 1954 (14) Monthly values,

24-hr max and rain
days

---L~-- 
- - - -
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Plibi.l1StIED DATA SUORCES: 1INE ISI.ANDS

. Chrts-(ophorc-', Elrling, 1927: Vegetation of Pacif ic equatorial 
islands, Bernice 1'. Bishop Mustum Bul l., 44, 79 pp., Hono(lulu. - _.

2. Clayton, Ii. Helm, ed., 192/: World Weather Keco-ds, Smithsonian

Misc. Coll., 79 vi + 1199 pp., Wasuington.

3. _ , 1934: World Weather Records (1921-1930), Smithsonian MI':c.

4

4. Colonial Office (London) 1936-40: (;ilbert and Ellice Islands Blue-

Book (193J-1939), Suva.

5. comflonuealth uirvai of NecOerology , 1914: Results of rainiail obser-

..... vations made ii, Queensland; including all available annual raiTifall

totals from 1040 stations for all years of record up to 1913,

2b5 pp., Comonwcalth Bureau ol NCteoro) ogy, M eilbourue.

6. ___, 1940: Results of rainfall observations made in Papua, an-

dated Terri!ory oI New Guinea, Solomon Islands, New ohebridvs, etc.,

76 pn. , Comlnonwealth Bureau of Meteorology, Mlvbourne.

7. Centzler, Robert F., 1962: Climatological study - Christmas lliand

(1941-]948), Tech. Men. No. 260-52 (72), 60 p., Sat,dia Corporition,

Alouquerque, November. a

8. Hann, Julius von, 1913: Meteorologische Beobachtungei aut de," Island

Fanning in aquatorialen Pazifischen Ozean, Met. eit., 30, 394-395.

9. Joint Task Force Seven, 1959: A Christmas Island climatological

study, TP-1I, 23 pp., Joint Task Force Seven, M.torological (Center,
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Appendix E2

A CU IDE TO UNPUBLISHED METEOROLOGICAL DATA FOR THE LINE ISLANDS

CHRISTMAS IS LANI

Data Period Reference Remarks

Surface Nov. 1941- (1) 4 reels microfilm; A
Oct. 1948 airfield observations;

Mar. 1946 missing.

Surface 18 Mar.- (1) Airfield observations;
- 17 Jul. 1962 A-1 reel microfilm.

26 Mar.- (1) :
24 Apr. 1962

.....-Surface Nov. 1953- -i) . .ondon Village obser-
Apr. 1954' vations: U.S. "'Weather
Jun. 1954- Bureau Form 610-7;
Jan. 2965 2 r-eis microfilm.

Surface Oct. 1953- (1) Autographic charts
Jan. 1965 (temp, pressure, wind,

precip, tides) from
London Village; period - -

broken; 3 reels micro-
film.

Surface Oct. 1956- (2) London Village;
Aug. 1959 8 observations per day.

Upper air Aug. 1943- (1) Airfield observations; - -

Apr. 1944 -data on microfilm,
Jun.-Oct. 1944 also adiabatic charts
Dec. 1944- and summaries.
Oct. 1945

Upper air Mar.-Jul. 1962 (1) Airfield observations;
data on microfilm.

Upper air Oct. 1956- (2) Airfield observations;
Dec. 1959 vinds and radiosondes;

2 observations pe; day
most of period.
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FANNING ISLAND

Data Period Refecence Remarks

Surface Apr. 1918- (3) Cable Station, U.S.May 1923 
Weather Bureau Form

1009 observations;
breaks in records.Surface Apr. 1943- (1) Cable Station; WBANJun. 1945 
10A; 2 reels micro-

film.Surface O-t. 1957- (2) Cable Station; breaksSept. 1958 
in record.

MALDEN ISLAND
Surface Dec. 1956- -(2) . Breaks in record, 14

Sept. 1958 
complete months; 8
observations per day
most of period.Upper air Dec. 1956- (2) Radiosonde and windsJun. 1957 
(more of the latter;Oct.-Nov. 1957 some at special hours).

Mar.-Apr. and
Jul.-Sept. 1958

....... -- ALMYR
-Surface Feb. 1942- (1) Observations throughNov. 1949 

1945, 24 per day;

1946-4, 8 or fewer;
1949, 24 per day.
Data taken by Navy,
Air Force and CAA.
4 reels microfilm.Upper air 27 Apr.- (i) Radiosonde and winos,20 Jun. 1957 
4 per da); data on

microfilm.
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WEATHER SHIPS

Data Period Reference Remarks

JSurface and Oct.-Nov. 1957 (2) 3 ships taking radio---
upper air Apr. 1958 sondes and winds; not

all together. Posi-
tions between equator
and 3N near 154W.
Total soundings about
130.

__UNPUBLISHED DATA SOURCES: LINE ISLANDS -~-___

1. National Weather Reccrds Center, Federal Building, Asheville, North
Carolina 28801.

2. Meteorological Office, Eastern Road, Bracknell, Berkshire, England.

3. Department of Geosciences, University of Hawaii, 2525 Correa Road,--------
Honolulu, Hlawaii 96822.
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Appendix F

METEOROLOGICAL PROGRAMS OF THE PACIFIC ATOMIC TEST SERIES

Beginning in 1.946 with Operation CROSSROADS -- the first full-scale

atomic test at Bikini Atoll -- the United States has conducted seven

major tests in the Pacific area. Until 1954, when Operation CASTLE was

conducted at Eniwetok/Bikini, the meteorological support for these tests

consisted primarily of the information needed to support aircraft opera-

tions: in vther words, conventional airways weather support.

As a result of the increasing size of shot yields and the increasing

hazards from radioactive fallout, tests conducted after CASTLE involved

more extensive meteorological programs intended to provide detailed in- -! _

formation concerning the structure and development of tropospheric and

low-stratospheric flow patterns in the atmosphere.

Operation REDWING, conducted at Eniwetok/Bikini during the spring

and summer of 1956, involved, from a meteorological point of view, the

establishment of special rawinsonde stations at Eniwetok, Tarawa, Kusaic,

Kapingamarangi and Rongerik. Special observations were taken by the

regular observing stations at Hawpii, Truk, Kwajalein, Ponape, Wake and

Majuro. Additionally, extensive aircraft reconnaissance was flown at

850 and 300-mb levels and special ship observations were obtained in

the operational area.

A data report for the period 15 April through 31 July 1956 was pre-

pared following the termination of REDWING operations by Joint Task

Force Seven. This report consists of twelve volumes -- one for each

island station, one containing the aircraft reconnaissance data and one

containing the shipboard observations. Copies of these volumes are

available through the Department of Geosciences at the University of

Hawaii, from NCAR, or from the Department of Defense in Washington, D.C.
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111C technique of streamline analysis was used by tile Task Force

Weather Central during REDWING, Anmlyses at the surface, and at 10,000,

20,000, 40,000, 60,000 and 80,000-ft ltvel~s were prepared four times

da.' 1 for tile operational perio~d and are n-,w archived at the University

Of Hlawaii. Also, a large part of the data obtained during this opera-

tion has been reduced to punched-card form by the University of HP'aii,

from which it is now available.! ~

During the spring and summer of 1956 a series of atomic tests, known

I

.. s Operatiuit UARDTACK, was conducted at thea Eniwetok Proving Ground by

i

Joint Task Force Seven. Again, speLial meteorological operaton were
conducted: stations were established at Tarawa, Nauru, Kapngamarangi,

Kusa2 e and Utirik, and special observations were obtained from all regu-

dar weather stations in the Pacific area. Intensive aircraft reconnais-

sance and a shipboard observing program were conducted, as well as pibal

observations from the nearby atolls of UJelang, Wotho and Rongelap. Fol-

lowing the termination of operations, a six-volume weather data report

for March through July 1958 was prepared in esentially the REDWNG format.

I t is available from the sources cited above.

I

The last Pacific test series, Operation DOMINIC, was conducted by

Joint Task Force Eight in 1962, partly at Christmas island (April through
July) and partly at Johnston Island (Ocsober and November). This series

differed from earlier opraton in that all teL hu s wre either air-ecnas

dropped or hsgh-altitude missile-launched. As a consequence, fallout 

hazards were greatly reduced in comparison with the earlier surface shots

and the requirement for detailed fallout prediction was lessened. in a

sense, this turned the principal meteorological attention from wind

structure forecasting to the exotic problems of making detailed cloud -

forecasts along the "lines of rght" from instrumentathle to the fireball

and of making low-level wind-shear forecasts over the missile launch area.

In order to provide adequate weather information for these tests, ra

special observatlons weret aken at certain regular weather reporting

stations in the tropical Pacific. In addition, specals observing sta-

tions were established at Palmyra, Malden, Tutuila, Christmas, French

$-
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Frigate Shoals and Johnston Island-;. Intensive aircraft weathe leVC1--

naissance was conducted, and special ship observat tons were obtained.

In this instance, aircraft weather reconnaissance was particularly aimed

at obtaining photographic coverage of the cloud patterns In tile test

area from U-2 and lower altitudes. Augmenting this photography were

satellite photographs obtained from the ]IIWS satellites.

Joint Task Force Eight has prepared a data report which contains the -4

conventiunal weather data collected; the, five-volume report is avallable

from the sources already cited. Unfortunately, the photographic data A

obtained have, to a large extent, been scattered; some is available A

through the University of Hawaii and through the Naval Weather Research

Facility at Norfolk, Virginia.

Since 1962, periodic operation readiness tests have been conducted . ..
by the Joint Task Force in the Johnston Island area, and in each cas. a

weather data report has been published -- for example, Operationl WINDLASS

In September 1966.

IN
I-

I-
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Appead I x G

BI BII OGRAPHYA

The completeness of the following bibliography is largely the result-

of our having access to a manuscript bibliography (of books, pamphlets,

and articles on the Phoenix and Line Islands -- 4 pp., 124 items, 1940)

prepared by i. E. Maude of The Australian National University, canberra.

We are particularly indebted to him for many referencet prior to 1940,

and for sending us other manuscript material dealing with Fanning and

Palmyra Islands.

We are also indebted to Bryan's excellent book (1942), which, in

-many ways, has yet to be equalled in scope of persunal experiences through-

out the Pacific Islands. We have also benefited from Taylor's standard

reference (1965), as well as the very useful compilation of Ida Leeson

(1954).

No general narrative of the Line Islands has yet been published.

However, the best general discussion is that provided by ludor (1963)

and earlier editions published under the same title. Farther, Bryan's.

book (1942) is rich in personal knowledge of many atolls, drawn from his

experiences prior to World War 11. Although now somewhat out of date,

the discuission provided by the British Naval Intelligence Division -"

(1943-45) is useful, including its many maps, charts, and extensive

references.

The Line Islands have been objects of scientific scrutiny for nearly

a century, with the Major emphasis on their natural history. In this

regard, the most complete discussion of Palmyra has been provided by

Dawson (1959), while Fanning, Christmas, and Washington have been dis-

cussed by at least a dozen investigators (Emory, 1934; Centzler, 1902;

Includes references in the main text.
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I
Hlalstead and Schall, 1958; Herms, 1926; Knoch, 1927; Streets, 1877b;

Vaughan, 1918; Wentworth, 1931a; Wentworth and Ladd, 1931) although, for j

tile must part, not recentLy. Geophysical investigations -- largely mete-

orological -- are provide-d in a dozen papei (Brooks, 192o; Burns, 1944;

Christophersen, 1927; Di.beritz, et al., 1967; Freeman, 1957; Ht'n, 1913;

Joint Task Force Seven, 1959; Meteorological Office, 1920; Meteorological

Office Discussion, 1959; New Zealand Meteorological Service, 1956; Sadler,

1959; Seelye, 1950) exclusive of recently published data.

We believe the following bibliography contains all t.ajor published

....... cientlflc results for the Northern Line Islands. In addition, several

references include historical descriptions of discovery (Bennett, 1840;

Bloxam, 1925; Fanning, 1833; Wilkes, 1845), as well as experiences of

those who hav . lived for extended periods on some of the islands (Benson,

1838; Cooper, 1915; Hague, 1902; Herms, 1926; 1. Meng, 1923; Ross, 1948;

Rougier, 1914, 1915, 1917, 1925; Tresillan, 1838). With one exception

__ (Steele, 1922), all references were personally examined by one of us at

either tile Bishop Museum or the Gregg M. Sinclair Library at the Uliversity i

of Hawaii, Honolulu. i
I

-1!

I=

=I
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